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EXECUTIVE SUMMARY

Biota assessmant studies were initisted to determine the nature and extent
of Rocky Mountain Acsenal (iMA) contamination {n biota. Studies were
developed In conforwmance with the requirements of current applicable
iegisletion le.g., Comprehensive Environmental Response, Compensation, and
Liadility Act as amended to the Superfund Amendments and Teauthorization Act
(together rofered to as CERCLA)J., and followed the guidance for such studles
provided in the National Contingency Plan (NCP) and Environmental Protection

Agency (EPA) documents for the conduct of Remedfal Investigations (RIs).

As such, these biota studies identify the impact of RMA contamination on the
plants and animals found at RMA in order tc genecate information that will
be of assistance in determining the appropriate form that the remedlation of
the site should take {n accordance with CERCLA- These studies did not
inventory or discuss the mansgement of the many species found at RMA and in
particular, did not focus upon the P.A blota that are not affected by
contamination. The U.S. Fish and Wildlife Service (FWS) will address these
subjects separately over the com'ng months. Nor are these studles intended
to anticipate or to be co-extensive with the CERCLA Natural Resource Damage
Assessment (NRDA) process that Jill commence at RMA upon cumpletion of the
Onpost Remedial Investigation (RI). While certain data gathered in the
biota assessment may wvarrant consideration in the NRDA, the use that «ill
ultimately be made of such data necessarily vaciss depending on whether Lt
wes assembled for purposes of the NCP NKDA. As explained above. Lt is for

the former purposes that the blota assesament and “he repocrt were prepared.

Here, the Army's assessment was conducted in two phases. Phase | focused on
the acquisition and review of available data. conduct of brixf site visits,
and cvaluation of pertinent information from ali sources. [t provided a
preliminary determination of biota contamination and developed. as
necessacry, a plan for obtaining additional relevant informattion. A review
of the extensive body of (nformation on contamination in RMA biota during
this phase Indicated the need for a comprehensive evaluation of current

contamination to supplesent historical information on thy effects of
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selected chemicals at various locations. This comprehensive evaluation was

done during Phase II.

Phase II of the blota assessment was designed to charactarize regional and
study ares biota, to augmant and update past studies, and to provide a
current comprehensive assesssant of biota contasminant levels and effects in
conformance with current regulatory requiraments. Scoping and design of the
investigation were partially determined by the types and concentrations of
contaminants docusented to be still present {n abiotic components of the
biosphere, that portion of the environment supporting life. The project
scope was discussed and modified by the Blota Assessment Working Croup
(formerly thae Biota Assessmant Subcommittee) of the RMA Committee that met
periodically throughout the study. The committee was coaposed of
representatives of the federal government (U.S. Army and their contractors,
Environmental Scilence and Engineering, Inc., and the FWS, the State of
Colorado (Colorade Division of Wildlife), and Shell Otl Company (1.e.. Shell
and their contractors, Morrison-Knudsen Engineers, Inc.). The EPA received
copins of all mecting minutes. The resulting program studied selected
populations, and addressed the contaminants of concern to blota. potential
adverse effects of contaminants on biota, the pathways of contaminant
movement to and through biclogical systems, and analyzed tissues from

selacted species to document current levels of specific target analytes.

During Phase II. quantitative vegetation, wildlife, and aquatic studies were
conducted on RMA and at offprst sites used as controls to chacvacterize
regional and study area biota. Population surveys of black-tailed prairie
dogs, earthworms. grasshoppers. snails were conducted. Reproductive success
studies were performad for mallards. ring-necked pheasants. and American
kestrels. Acetylcholinesterase inhibition studies were conducted on
American kestrels, ring-necked pheasants. prairie~-dogs. cottontails. and
several samples of chance. 1l addition. several studies of general
abundance of particular species groups were done to enable characterization
of current RMA biota. An Investigation of bald eagle distribution, remporal
occurrence, feeding hab s, and habltat use was initlated following the
discovery of a bald eagle Jinter roost on RMA Ln Decembar 1986. Results
showed that up to 23 bald eagles at a time forage on RMA and use the roost .
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Winter food consisted primarily of prairie dogs and rabbits, mostly obtained
by driving other raptors off of kills. Black-footed ferret studies ware
also conducted at the request of the FWS, but no ferrets were found.

Studies of prairie dog populations were conducted to quantify the prey base
for sagies and cther predators, and to determine possible contaminant

pathway effarts ou these species.

Screening of documented RMA contaminants produced a list of 39 contaminants
of potential concern to biota. Of these, seven were determined to be ma jor
contaminants of concern on the basis of toxtcity, environmental persistence.
spatial distribution, and other criterla. These chemicals are arsenic.
wercury, dibrosochloropropane. and the organochlorine pesticides aldrin,
dieldrin, endrin, and lsodrin. Pathways for these contaminants were
constructed to evaluate pote¢ntial environmental effects (e.g. ., effects on
spacies at highar trophic levels and the overall structure and furction of
food webs). The remeining 32 other contaminants of concern were subjected
to toxicity assessment. On the basis of these evaluations. contaminant
analyses were conducted on five of the major contaminants of concern
(arseaic, mercury, aldrin, dieldrin., and endrin) !n biological tissues.
DBCP was not included as a contaminant analyte becaussa it does not
bicaccumulate significantly, while Lsodrin is an anazlog of endrir and ls
converted setabolically to that compound. Analyses were also performed for
l.1-dichloro-2.2-bls (4-chlorophenol)-ethylene/dichlorodiphenyltrichloro-
ethane (DDE/UDT) in selected species where these chemicals were implicated
" in adverss effects (such as reduction i{n avtan reproductive success).
Contaminant levels wers measured (n organisms from sites of known or

suspected contamination and fros onpost and offpost control sites.

The study design consisted of sampling in contaminated and control sites.
but varied depending on the mobility of the species being surveyed. For
species with restricted mobility (e.g., cottontails. prairie dogs., ete.).
ssmpling was conducted in major sites of contamination on RMA. ir control
(uncontaminated) si{tes on RMA, and in offpost control sites. For highly
moblile specles that could be exposed to multipie sites of contamination on
RMA yet also occupy uncontasinatud portions of RMA (e.g. . mule deer). sample
design grouped samples as RMA (contaminated site) and offpost controls.
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Tissuss to be analyzed for the seven compounds just mentioned were collected
from control and contaminated areas on RMA for less moblle species, and from
RMA and offpost control areas for more moblile species. The species to be
sampled were selected to represent various trophic levels, possible pathways
to husang, spescles of particular stats or federal concern, and/or species of
special ecologic interest. Specifically, from the terrestrial and semi-
aquatic ecosystem two species (morning glory. common sunflower), two
invertebrate species groups (grasshoppers, earthworms), three bird species
(mallards, ring-necked pheasants, American kestrels). and three mammal
speclies (black-tatled prairie dogs, desert cottontail. mule deer) were
collected for tissue analyses. From the aquatic ecosystems. plankton.
aquatic macrophytes, and five fish spaciQs (largemouth bass., bluegill,
northern pike, fathead minnows, black bullhead) wers collected for tissue
analysis. In addition, miscellaneous species collected as samples of chance
or by the FWS in prior years were used for tissus analysis. On RMA most
samples from non-aquatic contaminated areas were collected from Sectlion 26,
36, South Plants (portions of Sections 1 and 2) and 31, while those for
onpost controls (uncontasinated areas) were from Sections §. 7, 8., 19, 20.
Samples of more widely ranging specles (American kastrels. raptors,
mammalisn carnivores, mallards., waterfowl. mourning doves, ring-necked
pheasants. and mule deer) were collected from more videspread portions of
KMA., and controls wers collected from offpost. Samples of aquatic species
representing contaminated areas were collected from Lake Mary. Lake Ladora,
Lower Derby Lake. North Bog. while control samples were collected from McKay
Lake. which is offpost. With sinor exceptions all tissuss collected were
analyzad for aldrin, dieldrin, endrin, DDT/DDE, mercury. and arsenic with
sinor exceptions relsted to their appropriate potential pathways. Arsenic
and DDE/DDT were not sampled in all tissues from all sites because of their
absence above background in the ablotic environment of some sites and (for

arsenic) the low capscity to bioaccumulate.

Contaminant studies of terrestrial plants (morning glory, common sunflower)
found that levels of arsenic In sunflowers and in one morning glory trom
Basin A were within rhe range that could produce phytotoxic effects., byt no
such effects were detected in the plants sampled. Sunsitivity (o arsenic
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might be a contributing factor to the reduced plant diversity in some areas.
but this could not be measured due to the high levels of human disturbance.
Dieldrin levels were detected in both plant specles sampled., but not at
lavels that could be expected to adversely affect plants. The endrin levels
found in one sunflower sample from Basin C was lower than any documented
levels in the diet of birds that are known to produce adverse effects.
Dieldrin and endrin bloaccumulate and could produce effects higher in food

chains.

Invertebrate (aquatic snail, grasshopper, earthworm) population studies did
not indicate any reduction on RMA attributable to contaminants. Mercury was
found in grasshoppers and earthworms at levels that exceed the reccmmended
acceptable dletary level for birds. and could therefore produce adverse
effects in blrds such as kestrels and young pheasants that consume
grasshoppers or other species that consume earthworms. Aldrin, dleldrin and
endrin in grasshoppers and dieldrin and endrin in earthworms from RMA sites
of contamination vere present at levels that could, through
biomagnification. be hazardous to species at higher trophic levels in
terrestrial food webs. Arsenic was detected in both Invertebrate specles
groups. but this compound does not tend to bloaccumulate and no adverse

effect levels are documented for invertebrates.

Black-tatled prairie dog studles found no effects of contamination on
population density. Juvenile-adult ratios were significantly lower in RMA
prairie dog towns than on nearby offpost control sltes. These differences
appeared to be the result of normal environmental fa.tors rather than RMA
contaminacion. Organochlorine pesticides in prairte dogs ot Sectlon 36 on
RMA were at levels that could be hazardous to eagles., other raptors. and
mammalian predators. Dleldrin was the only contaminant analyte detected in
cottontails, but Lt was present at low concentrations well below the FDA

action level.

Blood samples taken from bald eagles on RMA did not indlcate the presence ot
any of the seven RMA contaminant analytes above levels found otfpost. A
single bald eagle embryo from Barr Like showed the presence ot both dieldrin
and DDE. but apparently from sources near Barr Lake and not RMA. basced on
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casusl observations of the adult eagles’ foraging. Tissue samples from two
golden eagles found dead on RMA showed contaminant levels below those kncwn

to produze adverse effects in birds.

Dieldrin was found to be the principal contaminant {n the tissue of other
raptor specles. Lethal levels of dieldrin were found In ferruginous hawk.
red-tailed hawk, and great-hornusd owl brains from animals collected on RMA.
Necropsy data showed that these individuals exhibited typical signs of
pesticide poisoning. Knowledge of the fuoraging range, feeding habits. and
seasonal use patterns of these species indicate that the probable source(s)

of this :ontamination were within the boundaries ~f RMA.

S:tudies of avian reproductive success indicated that the American kestrel
had significantly reduced reproductivs success apparently attributable to
organochlorine pesticide contamination from RMA sources, ari that
reproduction in mallards was also inhibited oa RMA. Samples of mallards.
and kestrels from RMA contained mercury., dieldrin, and DDE. Some offpost
control samples of these two species contained mercury and DDE. Some
pheasant samples from RMA and from offpost contro.s contalned arsenic.
dleldrin, and DDE. Some phesasants, mourning doves. and waterfowl from the
intsrior portions of RMA contained tissue levels of dieldrin {n 2xcess of

analogous FDA action levels.

Onls one of 14 mule deer collected on RAMA showed detectable levels of one of
the seven RMA contaminant anslytes, _leldrin. The sample was taken from on
animsl accidentally killed between Basgin A and the South Plants. Tissue

levels of dieldrin {n one coyote found deai of unknown causes on RMA fell at

the lower end of the range known to be iethal {n dogs.

Dieldrin values showed Increasing concentrations in moving from lower
trophic lavels (plants and insects) to higher levels (raptors and mammallan
predators). thus providing evidence to support the bicaccumulation of this

organochlorine pesticide through the terrestrizi food chatn.

Data from analyses of aquatic plant plankton. and flsh samples collected by
Morrison-Knudsen Engineers (MKE) {rom the Lower Lakes and North Bog on RMA
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and from offpost control sites indicated that some aquatic communities on
RNA are still contaminated with orgenochlorine pesticides and mercury.
Reaults of MKE {nvestigations are in general agreement with the findings of
previous studles that demonstrated tha blosccumulation of these contaminants

in aquatic communities on RMA.

The svailasble data on ablotic components of the environment show that
arsenic, mernoury, and the organochlorine pesticides ald:in, dieldrin, and
sndrin are currently present in the soil and/or water at some contamination
sites on RMA at levels that could result in a variety of lethal and
sublathal effects on blota. Dieldrin ls of grearwst concern because of (ts
toxicity, persistence, spatial extent on RMA, occurrence {n aquatic and
tarrestrial ecosystems, and capaclity to bicaccumulate in regional food webs.
While arsenic and mercury are also present in the RMA environment, the
extent and severity of adverse effects in blota appear to be less than those

of the organochlorine pesticides.

Acetylcholinesterase (AChE) inhibition studles were conducted on the brains
of animals found dead on RMA and on selected species collected for
contaminant analysis. No AChE inhibition was detected in the mallard.
pheasant., raptor, and cottoantail rabbit brains analyzed. AChE inhibition
was not detected in prairle dogs from Section 36, but significant AChE
fnhtbition was detected in prairie dogs from the loxic Storage Yard om RMA.
Inhiblilon appeared to be the result of heavy metals naturally occurring in

near locallized rock outcrops and not the cesult of RMA contamination.

The pathway analyses of the msjor RMA contaminants were conducted ln order
to evaluate the velatfonship between the abiotic (phvsical) and biotic
components o! the environment. Pathway analyses and applicable EPA amblent
water quality criteria establish acceptabie levels of the major contaminants
that can occur in the ablotic ervironment without resulting in detectable

adverse effects on the biota.

Preliminary application of these acceptabls levels as potential site-
specific criterla {ndicates that remadiation could be necessary to restore
certaln sites on RMA to acceptable contaminant levels. Information on the
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concentration and distribution of RMA contaminants in physical media will be
avaluated on the basis of these levels considered scceptable for blota as
well as on criteria from other components of the RI. The spatial extent of
contamination that must be cleaned up will subsequently be defined in Study
Ares Reports (SARs).

The presence on RMA during vinter months of an endangered specles. the bald
eagle, is an adiditional bilological consideration that will be addressed
during feasibility studies, interim sctions, and long-term site remedistion.
Ongoing comprehensive monitoring, U.S. Filsh ana Wildlife Service regional
bald eagle studies, the establishment of a bald eagle management area on
RMA, and related investigations will continue to produce information needed

to evaluate biological concerns duiing these remediation activities.

This document is a formal RI prcduct in accordance with the Federal
Facilities Agreement among the U.S. Army, Department of Interlor. Health and
Human Services, the EPA, Shell Otl Company, the U.S. Department of Justice.
and the Settlement Agreement between the United States and Shell. the RMA
Technical Program Plan (TPP). and the June 1985 RI GCuidance Document (EPA).
This document has been prepsred to fulftll the requiresents of defining the
nature and extent of RMA contamination in biota as required by CERCLA and
the NCP. Information contalned in this report will be evaluated in
conjunction with informstion from the Study Area Reports (SARs) and RI

documents for other medta during the Feasibillty Study to formulate response
objectives at RMA.
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1.0 IFTRODUCTION

The purpose of the Biota Remedlial Investigation Report is to present the
Army's Remedial Investigation (RI) results for the assessment of Rocky
Mountain Arsenal (RMA) contamination in relation to biota. This document is
a formal remedial invastigation (RI) product in accordance with the proposed
Consent Decree (1988), the RMA Technical Program Plan (TPP) (PMO., 1988,
RICw#88131R01), and the June 1985 RI Guidance Document (EPA). The seven
completed RI Study Area Reports (SARs), along with the RI media reports for
air, biota, buildings, and water were conducted in accordance with the
requirements of defining the nature and extent of contamination as required
by the Comprehensive Environmental Response. Compensation, and Liabllicy Act
(CERCLA): the Superfund Amendments and Reauthori-~sr on Act (SARA). and the
Nationsl Contingency Plan (NCP). The Biota RI Report integrates known
historical informetion, the results of previous investigations. and the
current RI programs for biota -o provide a synnpsis of contamination at RMA
in relation to vegetation, wildlife, and aquatic resources as required under
Contract Number DAAK1l-84-D-0016.

Rocky Mountain Arsenal (RMA) has been a U.S. Army installation for over four
decades. Covering over 6.900 hectares (ha: 17.000 acres)., RMA lies in
southern Adams County about 16 kilometers (km: 10 miles) northeast of
downtown Denver. just north of Stapleton International Alrport (Flgure
1.1-1). Present activity at RMA s limited to land management., security.
technical investigations of chemical contauination sources and current
distribution. and interim response actions for selocted problem areas. The

data from these {nvestigations will ultimately guide remediation.

In this document, Section 1.0 presents general background {nformation on RMA
contamination and summarizes past {nvestigations. Section 2.0 provides a
description of the ablotic environment. regional biota. and biota within the
RMA study area and tdentifies {mportant biological components as a basis for
evaluating RMA contamination. Sectlon 3.0 is a brief summary of the methods
used in this biota assessment. A detailed description of study methods tis
provided in the Task 9 Blota Assessment Final Technical Plan (ESE., 1988.
RIC#88243R05). As part of the biota assessment. tissues from animals lound
l-1
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at sites of known or suspected contamination and from onpost and offpost

(.

control] areas were analyzed- Section 4.0 presents the resulting datz on the

types and concentrations of contaminants {n blological ti{ssues from RMA.

Section 5.0 assesses the distribution and concentration of contaminants in

biota and the associated abiotic environment to eveluate pathways for

contaminant movemant within aquatic and terrestrial ecosystems, and

evaluates this information {n relation to observed and possible effects.

This document presents the current nature and extent of contamination in

biota and is based on studies conducted in accordance with requirements for . »

the remadial investigation of biota under current applicable legislation.

1.1 SITE BACKGEQUND i
RMA was established in 1942 for manufacturing chemical and Incendlary ®
munitions, and in later years was the site for demi .itarization
(destruction) of chemical ordnance. Throughout World War II {(WWII), mustard
gas, chemical intersediate sunitions. toxic end products, and incendlary
munitions were manufactured and assemblad at RMA. From 1945 to 1950, RMA
distilled stockz of Levinsteln (H) mustard, demilitarized mustard-filled
shells, and test-fired 107-millimeter (mm) mortar rounds filled with smoke
and high explosives. Many different types of obsolete WWII ordnance were
also destroyed by detonation or burning at that time. In this period and in
subsequent years tha production. handling., or demilitarization of sarin [ ]
(GB), lewisite. arsenous chloride. chlorine gas. cyanogen chloride (CK).

phosgene (CC), and incendiary bombs have occurred at RMA. Munitions filling

operations ceased in 1969. Since 1970, the primary U.S. Army activity at

RMA has been demtilitarization of chemsical warfare agents.

Industrial chemicals were manufactured at RMA by several different lease

holders from 1947 to 1982 (USATHAMA, 1984). In 1947, facilities not belng

used by the Army in the South Plants area of RMA wvere lessed to the Colorado

Fuel snd Iron Corporation (CF&I) for chemical manufacturing. CF&lI »
manufactured chlorinated benzenes, dichlorodiphenyltrichloroethane (DDT).

naphthalsne, chlorine. and fused caustic. Julius Hyman and Company (llyman)

also occupled faciiities in the South Plants {n 1947, and produced

chlordane. aldrin, and dieldrin. and conducted pi'ot studies on endrin at

1-3
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RMA (USA CWS, 1952). CF&I's lease on the chlorine/caustic plants was
termirated lste in 1949. Hyman leased some of the facilities previously
lessed to CFA&I and began producing chlorine and caustic in 1950 (Hyman,
1953). Shell Chemical Company (SCC) acquired all the corporate stock of
Hywan in May 1952, assuming pesticide manufacturing operations from this
company. Products smanufactured by SCC included insecticides (such as Akton,
Aldrin, Azodrin, Clodrin, Dieldrin, Landrin, Nudrin, Parathion. Pydrin,
Supona, and Vapona), harbicides (such as Atrazine, Bladex. and Planavin),
namstocides (such as dibromochloropropane and DD soil fumigant)., chlorine
and caustic (until 1953), adhesives. antiicers, curing agents. cutting oil
additives, gear oil additives. and lubrication greases. SCC stopped their
production activities in 1982. They continued to hold the lease on
facilities until 1987.

Despite the industrial, milltary., and land management appllcations of the
past, RMA continues to contaln a variety of terrestrial and aquatic
habitats. The ms jority of the land purchased for the establishment ot RMA
in 1942 had been used for agriculture. Since that time., RMA has been
entirely fenced, and except for occasional grazing and agricultural permtits
in the 1940's, has been closed to the public. Many of the undeveloped areas
Iln the northern aund eastern portions of RMA contain gently sloped hills,
with grassy slopes intermixed with disturbed vegatation types and areas
replanted with crested wheatgrass. Industrisl uses dominate the central
sections of RMA, while the reservolirs. ripsrian areas., and most trees are
found in the southern sections. The diversity of habizat, isolation of RMA
fros surrounding land use., and lack of public hunting inside Lts borders has
led to the great diversity of wildlife, rivalling that of any site on the

Front Range corridor including the extsting government parks and preserves.

Aquatic and riparian habitats are well representad on RMA. although only two
natural water bodles exist. The only stream crossing RMA is First Creck.
The oniy other nsgtural water body at RMA {s North Bog. where ground water
tises to the surface. Through lmpoundments and barriers. the bog has been
made into a small pond since the establishment of RMA (Cooper gL al. . 1980,

RIC#81336R18). The watar and soils of North Bog have been contaminated In
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the past by seepage through the various basins into the water table, which
then flows up through the Morth dog.

The four reservoirs in the southern half of KMA, Lowar Derby and Upper Derby
Lakes, and Lakes Mary and Ladora, are known coliectively as the Lower Lakes
(see 7igure 1.1-2). Lower Derby Lake is the largest reservoir at RMA. and
cCan be seen in {ts present locstion in pre-Arsenal (1937) aerial photographs
near the small town of Derby, as can Lake Ladora (MKE, 1987). Lower Derby
and Lake Ladora were enlarged to provide cooling water for production
activities (n the South Plants. Upper Darby Lake waa created for the same
purpose soon after estublishment of RMA. Thaese three lakes becams
contaminated as a cesult of production activities at RMA. Lake Mary was
tormerly a swampy area just balow Lake Ladora. In 1960, the surface water
flowing from Ladora wes blocked behind a berm (ESASCO, 1986, RIC#87216R07).
Since its creation, Lake Mary has been used as a recreational ares for both

visitors and onpost personnal.

Areas immediately bordering RMA exhibit varied land uses. To the north and
east, the land {3 primartly agricultural, although a great deal of business
and residential activity (s planned nearby with ths new Denver airport site
5 miles (mi) to the east of RMA. The southern border ls lined by the Denver
residential community of Montbello. and the present Stapleton [nternational
Alrport. Commarce City borders RMA on the wast, with both residential and
industrial land uses. Tha South Platts River ls less than 2 mi from the
northvest border of RMA, and itg drainage ls included i(n the study area for

water resource assessments, as well as for offpost blota studies.

1.2 MATURE AND EXTENT OF IHE PROBLEM

Waste dispoesl practices froe manufacturing processes at RMA have included
routine digcharge of Industrial waste effluents to lined and unlined
evaporation bssins and burial of solid wastes at various locations.
Unintenttonal spills of raw msterials, process intermediates, and end
products have occurred within the manufacturing complexes at RMA.
Demilitsrization and training with munitions have led to furthec
contamination of areas across RMA. Contaminants have also been
unintentionally released into the Lower Lakes.

1-5
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Some of the most lrportant sources for contamination of biota on KMA are tha
waste vataer basing located iln Sections 26, 35, and 36 (Figure 1.1-2).

Woste water baging usad at RMA caused appreclable demage to wildlife. The
Lover Lsgkes are slso sites or past contamination and wildlife damage.
Howaver, the sites mantioned above were not the only possible locations of
contamination. The problem of contaminsted ground water at KRMA hay been
recognized since the wid-1950's when ground water in wells just off RMA that
were used for lrrigation resulted Lo crop damage and potential exposure to
wildlife. The Aroy produced Tx. an anit-crop agent (wheal rust spores) non-
hazardous to wildlife or human, on about 600 acres of wheat flelds on RMA
from 1962 to 1963. Within Section 36, there is historical evidence of
pesticide pits, munitions testing areas., burn sites, settling ponds. and
trenches. Pacts of Sectlons 3, 4, 5, €, 11, 12, 19, 20, 27. 26, 30. 31, 32,
and 35 of RMA contalin some or all of the following: munitions impact aceas,
burn sites, disposal plts, spill areas, and burial trenches. Contam!nants
{n these arvas may include volatiles, pesticides, herbicldes, inorganics
salts, Aray chemical agents and their degradation products, and heavy

metals.

‘ complete history and assessment of contaminant levels and sources ln the
AMA environment may be found {n the Contaminat!on Assessment Reports (CAHs)
and the Remedial Investi{gation (RI) documents for each study area and medium
of the RMA etivironment. A more dstailed history of contamination and waste

disposal at RMA i3 presented i(n Section 4.1 of this document.

1.3 INVESTIGATION SUMMARY
Mortality to wildlife., particularly waterfow!l, from contamination sources on
RMA wgs considerable in the past. The focus of documentation of this
mortality has been on the Basins and Lower Lakes. Past tnvestigations of
wildlife have centered primecrily on causes of mortality of waterfowl and
contaminant levels leading to injury In other wildlife. Since the late
1940's, deaths and abnormal behavior have been recorded for several
waterfowl species and a variety of other birds., mammals. and fish in the
Lower Lakes. Subsequent observation and testing of these animals indicated
that wildlife found dead, dying, or displaying unusual behavior contalned
high levels of dieldrin and other organcchlorine compounds. The basin areas
1-7
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have been sites of wajor wildiife mortality as well, resulting from a

variety of GB agent by-produccs, pesticides, and heavy metals. Table }.3-l
ls » listing of wildlife tnjuries documented on RMA from 1949 to 1982. More
recont vildlife injuries are addresssed in this report. Additional data on

contadinant levels in biota collected historically at RMA will be reviewed
in Section &4.1.

Various studies outlining the composition and diversity of wildlife have
been completed at RMA. Among those studies are baseline ecological surveys
by the Aruy at RMA by USA (1973), Fairbanks and Kolwer (1976, RICw86215R01).
Cauthier at al. (1977, RIC#81321R01). and Thorne (1986a., RIC#86066R01). The
results of ecologlcal studies are incorporated ilnto the description of the

environment in Section 2.0.

1.4 BREPORT QVERVIEHW
This report includes information developed during the assessment of bdlota in
relation to RMA contamination. The general objectives of the biota
assessment were:
0 To evaluate current and historical data on the sources. types.
distribution. and concentrations of RMA contaminants tn blota:
o To provids specific information on the migration and accumulation
of contaminants through regionel food webs in relation to
important species and to overall ecosystem effects: and

o To aasess the environmental effects of RMA contamination.

Data were obtained on the current distribdbution and concentration of
contamination in RMA bilota and were evaluated in relation to chemical
contamination ln the ablotic environment and to control sites outside the
defined RMA study area. Pathway analysis was usad to examine relationships
between the ablotic and biotic environment and among components of the biota
(e.g. . food webs). Additional studies of contaminant effects were conducted
i{n conjunction with contaminant distribution studies in order to determine
the ralationships between observed adverse effects (e.g.. reductions in

reproductive success) and RMA contamination.
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Studies were conducted in conformance with guidance provided in the Nationral
04l and Hazardous Substances Pollution Contingency Plan (NCP). 4«0 CFR Part
300 (EPA, 1985j) and the Guidance on Remedial Investigations under CERCLA
{(EPA, 1985i). The requirements for scoping the investigation, conducting
the site assessment, and evaluating results were followed, as appropriate.
in conducting the remedial investigation of biota i{n a manner consistent
with current hazardous waste site cieanup legislation and site-specific

requirements.

RMA contamination i{n biota has been documented since the 1950's. This
information on past history of contamination and contamination studies for
biota is summarizad in this document, which focuses ¢on current biota
contamination and its ecological effects. Information on contaminant
concentrations in tissue (e.g., cottontail rabbit muscle) will also be used
in the offpost endangerment assessment that examines and quantifies the
wildlife pathway of human exposure and sddresses the extent of environmental

exposure.

Criterta developed as a result of biota pathways analyses can also be used
as a gulde to site remediation and to determine the spatial distribution of
contamination above levels that adversely impact wildlife (n abiotic media.
These critaria may also be selected as remedial action levels. (f
appropriate. Quantitative evaluations of the location and distribution in
these media (e.g.. soil) will be evaluated {n conjunction with other
considerations and {ncorporated {nto each of the anpropriate Study Area
Reports (SARs) as the Phase Il data on contaminant distribution Ln these

med{a become avajilable.
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2.0 ENVIRONMENTAL SETTINC

RNA occuples an area of low, rolling terratn characterized by grasslands,
shrublands, wetlands, aquatic habitats, and extensive weedy areas supporting
a variety of plant and wildlife species. The South Platte River flows
parallel to the nocrthwast boundary and approaches to within 2 wi of RMA
(Pigure 1.1-1). The wr2a surrounding RMA is largely rauch/farmland, rural
and urban restdential, and indusirial {Kolmer and Anderson, 1977,
RIC#812325R07).

Land north and east of RMA consists mostly of rangeland (grassland) and
land used for dryland agriculture. Rural residential developments are
scattered north and northwest of RMA. Urban developments and associated
industrial complexes include Commerce City (west) and Montbello (south).
The north runways of Denver’'s Stapleton International Alrport extend into

the southwestern corner of RMA.

Cropland and range habltat north and east of RMA provide habitat for a
divecrsity of wildlife. including game species such as cottontalls.,
ring-necked pheasants, and mourning doves. Lake and wetland areas at Barr
Lake State Park (Barr Lake), 5 mi to the northeast and downstream from RMA
support & variaty of wildlife species and provide staging. breeding, and
resting areas for waterfowl: habitat for edible fish species: and winter

habitat for the baid eagle, an endangered specles.

2.1 PHYSICAL ENYIBONMENWI

2.1.1 PHYSIOGRAPHY AND SURFACE WATER

The topography fn the vicinity of RMA consistg of stream-valley lowlands
separated by gently rolling uplands. The maximum local topographic relief
in the area is about 200 feet (ft): the elevation above mean sea level (msl)
ranges from about 5,330 ft at the scutheastern boundary of RMA to about
5,130 ft at the northwestern boundary of RMA. The average elevation across
RMA 13 5,250 ft msl.

The South Platte River originates in the Rocky Mountains southwest of
Denver, and then flows in a general north-northeast directlon before

2-1
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swinging to the east in the vicinity of Graeley, Colorado. Ths overall
surface drzinage in the reglon is toward the northeast and into the South
Platte River. Natural tributaries flcwing from RMA to the South Platte
River drain to the northwest. All of RMA is drained by the South Platte
River and f{ts tributaries (Flgure 2.1-1). However, two msjor irrigation
canals, O'Brian Canal and Burlington Ditch, and several gsmaller ditches run
southvest to northeast between RMA and the South Platte River. O’'Brian
Canal and Burlington Ditch receive drainage from RMA by interception of
First and Second Creeks. These flows are either stored in Barr Lake
reservoir or distributed Iinto one or more of the many frrigation ditches

downstirenm, depending on the season and the quantity of water available.

The several manmade lakes and ponds on RMA, as well as several basins were
created for industrial cooling or the storage and disposal of chemical and
{ndustrial waste (Figure 2.1-1). The Lower Lakes are supplied with water
from the Highline Lateral. Small ponds on RMA include Gun Club Pond, Havana
Ponds, Toxic Storage Yard Pend, and the North Bog. A more detailed account
of the phystography and the surface water of RMA |s provided in the Water
Remedial Investigation Report (EBASCO. 1989).

2.1.2 CLIMATE

RMA {3 located at the western edge of the plains of Colorado and near the
foothills of the Rocky Mountains. The area ls generally classifled as mid-
latitude and semi-arid. Climate data were collected at Stapleton
Internatlonal Airport, which (s ad jacent to RMA. Because of the close
proximity and relatively uniform topography between Stapelton International
Afirport and RMA, the climatological and meterological conditions are

expected to be the same between the two sites.

The climate of this area {s characterized by low relative humidity. abundant
sunshine, relatively low rainfall, moderate to high wind movement. .nd .
large daily change in temperature. The mean maximum temperatures range f{rom
43 degrees Fahrenhelt (©F) in January to 88°F (n July. The mean min!mum

temperatures are 169F in January to S99F in July.

2-2
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Figure 2.1-1
SURFACE WATERS ON AND NEAR RMA

SOUPRCE: ESE, 1038

Prepared for:

U.S. Army Program Manager’s Office
For Rocky Mountain Arsenal

Aberdeen Proving Ground, Maryland
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Occasionally, a meterological phenocmenon known as a Chinook wind descends
along the eastern slope of the state during winter wonths. These winds ®

bring large and sudden rises in temperature. as much as 252 to 35°F within a

@

few hours. These winds are warm bscause they are decreasing in elevation
and thus warming at the adiabstic rate (5.5°9/1,000 ft). Chinook winds

greatly moderate winter temperatures in RMA vicinity.

As a result of Colorado's distance from major sources of moisture, such as

the ®3:)“tc Ocean and the Gulf of Mexico, and the presence of the Rocky

Mou: precipitation is relatively light in lower elevations. Storms ¢
origi... ¢ in the Pacific and moving eastward lose much of their molsture

as they pass over mountain ranges in western Colorado. Precipitation in the

RMA vicinity is approximately 15 inches per year. Spring ls the wettest,

cloudiest, and windiest season. Fifty-one percent (%) of the total annual

precipitation falls between the months of April and July. Much of this

moisture falls as snow during the colder. earlier period of the season.

Summer precipitation comes mainly from scattered local thunderstorms during

the afternoons and evenings, particularly in July and August. In autumn,

there is less cloudiness and a greater percentage of sunshine than at any ® e
other time of the year: precipitation amounts to about 19% o. the annual

total. Winter has the least precipitation accumularion, (approximately 13%

of the annual total) and almost all of it (s snow. There are approximately

93 days per year with a cloud cover of 30% or less. »

The prevailing winds at RMA are from the south and scuth-southwest. Wind

speeds average about 9 mph annually. The windiest months are March and

April, with gusts as high as 65 mph. More Jetalled climate data for the RMA »
reglon ls provided in the Alr RI report (ESE 1988a. RIC#38263RO!).

2.2 BRECIONAL_BIQTIA

Regional biota include plant and animal species that are known to occur on
and in the vicinity of RMA. B8ecause of the large expanses of di{verse
habltats, the same species that occur In the region also itnhabit RMA. In

some instances the same species occur onpost and offpost., but thalr habltat
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use is different (e.g., bald eagles occupy breeding habitat ar Barr Lake
throughout the year while bald eagles migrating in from other areas use RMA
for up to five months for winter roosting, foraging, and daytime loafing
(ESE, 1988b)). Appendix A lists the common and sclentific names of plants

and animals occurring in the region, and thelr record of cccurrence.

2.2.1 MAJOR ECOSYSTEME

The region that includes RMA ls characterized by small areas of diverse
habitats (e.g., tree groves, riparian woodlands, wetlands. ponds. and
surface streams) scattered throughout onpost and offpost grasslands:
pastureland, cropland., and urban areas also exist offpost. From an
ecological perspective these habitats can be focused into two major
ecosystem types: terrestrial and aquatic. Biota inhabiting various specific
habitats (¢.g., ducks in vetlands, raptors in tree groves) are part of the

interconnected food webs and other i{nteractions of the two major ecosystems.

2.2.1.1 Tecrestrial Ecosysiewms

Terrestrial ecosystems in the region are dominated by grassland.,
{nterspersed with riparian woodland, smail groves of trees. and weedy
herbaceous vegetation. Much of the offpost area north and east of RMA is
used either as pastureland or cropland, while areas south and west of RMA

are heavily urbanized.

Yegszalicn

RMA lies within the North Temperate Crassland biome (Shelford. 1963) which
gensrally extands from north-central Texas into central Alberta, and from
Indiana tnto portions of California. The specific reglon including RMA is
referred to as the High Plains district of the Northern GCreat Plains
province. The region is typically dominated by a moszic of grassland
communities with a diverse component of forbs ("wildflowers™). Tall-grass
species tend to occur in the more mesic (moist) areas., with shori-grass
species in more xeric (dry) sites. Throughout the reglon: however. there

exists considerable gradation and aixing between the twvo extremes.

Periodic fires and grazing by pronghorn and large herds of blson may have
played a major historic role in maintaining the grassland vegstation. Most
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of the original vegetation has been destroyed in modern times by plowing of
native sod and overgrazing by dowestic livestock. Control of {irc has also
causaed shifts in specles dominance. The following description ls based on

the potentlal "climax” (l.e., long-term, self-sustainiug) vegetation of the

reglon, as portrayed by Kuchler (1964).

Climax Communities ~- In Colorado, prairie grasslands occur mainly on the
Great Plains east of the Rocky Mountains. Prior to settlement. dominant
vegetation in the srea was mid-grass prsairle, interrupted by sparsely
vegetated sand hills, with ribbons of riparian woodland and fragments of

tall-grass prairie along stream courses.

At the western edge of the Great Plains, where the prairies give way to
mountains, the grassland communities are mixed and variable. owing to
diversity of rtopography. soils, and climate. Variations in topography and
soils result i{n a mosaic of vegstation. Western wheatgrass dominates (n
areas such as shallow depressions and broad drainageways whers fine soil has
accumulated. Side-oats grams, prairie junegrass, little bluestem, and blg
bluestem occur where soll moisture s more available. In moist bottomlands.
big bluestem can forwm pure stands. Upland areas are chacacterized by short-
grass species, particularly blue grama. Farther east, a2 mixed short-grass
community of blue grames and buffalo grass prevails on uplands. Solls are
loamy. but runoff may be high and (nfiltration low so that available
moisture s confined to the first 2 ft of soil durlng most of the growing
season. Spectes with fibrous, shsllow roots such as blue grams and buffalo
grass are best adapted to these arsas. Needle-and-thread. green
needlegrass, <and dropsesd. western wheatgrass. red three-awn, and
threadleaf and needleleaf sedges are also common components of this
community. Important forbs in the short-grass and mid-grass communities
include prairie coneflower, docted gayfeather. greenthread. silvery lupline,
and umbrella plant. Specles diversity can be high In this vegetation zone

becsuse of the varfable but generslly favorable substrate conditions.

On the ssndy solls scattered across eastern Colorado. the prevalent species
include sand sagebrush., prairie sandreed, sand bluestem. switchgrass, red
three-awn, and Indian ricegrass. Important forbs include slimflower
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scurfpea, bush morning-glory, and yucca. Rocky ridges may support little

bluestem, side-cats grama, needle~-and-thread, and ring muhly.

Riparian woodlands and assoclisted wetland arvess follow the water courses out
of the mountains and onto the plaing. Plains cottonwood and peachleat
willow dominate the overstory, with lesser numbers of box-elder and
hackberry. The undarstory includes shrubby willows and a vartety of mid-
grass and tall-grass species. Golden currant, wild rose, choksecherry., and
snowberry may also occur In mesic areas: wild plum and hawthorn may form
dense thickets in guch sites. Cattalls and bulrushes may dominate minor
drainages. Western wheatgrass, inland saltgrass, and alkali sacaton are

conspicuous dominants on bottomlands with finer ssline soils.

Historically, the occurrence of forbs in the grasslands has varied with
substrate and microclimate. Common perennial forbs {n addition to those
already named include scarlet globemallow., pralrie aster, scarlet butterfly
weed, prickly pear cactus, fringed sagawort, western wallflower., and
skeleton-weed. Annual forbs include plantain, pratrie peppergrass, and
narrowvleaf goosefoot. Six~weeks fescue, an annual grass, ils also a

widespread componsnt.

The occurrence of shrubs (s also variable across the plains of Colorado, and
is determined primarily by substrate and topography. Rubber rabbitbrush and

broow snakeweed probably have the widest distributions.

Succaasional Frocesses -- Shantz (1911) developed a method of aevaluating
agricultural potential based on existing native vegstation. This system
designated the blue grama-buffalo grass areas as the most productive under
cultivation., when water was sufficient. Areas of deep sand. as indicated by
sand sagebrush. were designated as the least productive and wmost susceptible
to wind erosion. Today (n eastern Colorado. remnant native vegetattion Is
generally located on sandy soils. which are less arable. Most of the short-
grass area has been in continuous cultivation for decades. or was cultivated
but then abandoned and covered by successional species. Even the remnant
unplowed areas have generally been altered by prolonged grazing of cattle.
and thus have been held Ln a distucbed or “disclimax” state. Since most of
2-7
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the original vegetation in the region has been dtsturbed in ons way or »
another, a gensral description of successional processes for the ares way
provide a more realigtic view of uncultivated reglonal vaegetutlion than the

discussion of climax communities.

Successional development on disturbed areas surcounded by undisturbed

vegetation (and, hence, with a nearby seed source) generally beging with

colonization by annual forbs such as Russian-tkistle. goosafoot. sunflower.

pigweed, prostrate knotweed, and various sustards. In some seasons,

pevennial forbs and a few perennial grasses invade. These pursist for

several years, during which short-lived perennial grasses such as sand

dropseed and foxtail barley become more prevalent. Ultimstsly, the natural

transition to mixed pralrie occurs as ionger-lived grasses such as blue

grama and buftfalo grass become establishied and dominate (Costello. 1944). »
If, at any time during this process. cheatgrass lavades the disturbed area,

the succegsional process may be arrested at an early stage so that longer-

llved perennial grasses are prevented from establishing and predominating.

This process has occurred con disturbed areas in cloge proximity to [ ] |

cultivated or other disturbed lands throughout the RMA reglon.

Today. some unplowed areas contain rellct stands of native grassland,

although such communities are rare in the vicinity of RMA. Natural »
restoration of native grasslands ls an extresmely slow procesa, and thus, ‘
little (mprovement may be evident in previously disturbed dareas that have

lain fallow for many years.

Wildlifs
The terrestrial fauns of the region is dominated by spectes of prairte.
steppe, and savannah communities. The diversity of wildlife near che
western edge of the plains is greatly enhanced by the diverse habitats
dispersed through the grasslands. These include conifers and mountain brush >
on mesas extending east from the foothills, wetlands and ad jacent
cottonwood/willow woodlands along drainages and lakes. shade trees or
shelterbelts around ranches and farms, and ornamentsl plantings in parks :nd
residential neighborhoods. This great divecsity of habitats provides cover, »
food, and ceproductive habitat for many wildlife specles. Approximately 471
2-8
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vertebrate speclies potentially occur on XMA (based on geographlc ranges and
habitat preferances) and the surrounding area (Appendix A). These include
23 reptile, 7 amphibian, 26 fish, 360 bird, and 55 mammml sp.cles.
Migratory as well as resident wildlife are repressented. In additlon, a

diversity of invertubrate species are represanted.

The ragion asupports a variaty of aaphiblans and reptiles. Twenty-four of
the 30 species of reptiles and amphibians reportedly presenc in the ceglon
are considered at least Yairly common, while the remalning six specles are
congldeced as uncommon or of unknown abundance (CDOW, 1981). The bullenake.
western hognose snake, mllk snake, and prairie rattlesnake are widespread
specles in upland habitats. The bullsnake may he the most abundant reptile
throughout the area. #Pflainrs and common gartersnakes are common {(n lowland
habitats. Lizards in the reglon include the lesser earless lizard, short-

horned llzard, many-lined skink., and six-lined racerunner.

A great diversity of bird life, including shorebirds, water bivds, upland
gamebirds, songblrds, and raptors, are found in the region. The lakes.
ponds, and sssocliated wetlands scattered throughout the region support many
species of aquatic and marsh birds that feed ln both terrestrial and aquatic
ecosystems. Common breeding blrds include several species of waterfowl,
red-winged and yellnw-headed blackbirds, common yellowthroats and song
sparrows. Many specles of waterfowl., Including large numbers of Canada

geese, utilize these habitats during the winter.

Some abundant breeding birds of hiabitats in the prafrie include the western
meadowlark, lark bunting, horned lark., grasshopper sparrow. vesper sparrow.
and ring-necked pheasant (CDOW. 1982b: MKE, 1988). During winter. the
western meadowlark, horned lark, and ring-necked pheasant are among the

dominant prairie species.

The scattered trees, thickets. and woodlands found in the region provide

nesting habiltat for black-bllled magplies. eastern and western kingblrds.

house wrens, starlings, northern or{oles. common grackles., lark sparrows,

loggerhead shrikes, American robins, and Northern flickers. The dark-eyed

junco. European starling. black-bi{lled magpte, pine siskin. house flinch.
2-9
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black-capped chickades, northern flicker., brown crespar, and white-breasted
nuthe..h are comson wintering birds of the woodland habitat.

Raptors are a conspicuous and lmportant component of the regional blota.
Nesting vaptors in the reglon include bald eagle, red-tailed hawk,
Swainson's hawk, Amarican kestrel, burrowing owl. and great horned owl.
Rough-legged hawks sre comson during the winter, as are golaen sagles,
fecruginous hawks, red-tatiled hawks, and northern harriers. The bald eagle
(2 federally endangered specias) also winters In the ceglon. As many as 152
bald esgles have been recorded in the central and northeast reglons of
Colorado during the Colorado Division of Wildlife's (CDOW) midwinter bald
esgle counts (CDOW, 1988). Wintering owls include long-esred, short-eared.

barn, and great horned.

The mammalian fauna of the region ls varied and representative of the
diverssy land uses. Smal)l mammal trapping has indicated that large densitles
of certain specles may be present in some areas (Cavthier et al.., 1977,
RIC#81321R0L). Awmong the most abundant are the deer mouse. prairie and
nesdow voles, and Ord’'s kangaroo rat. Larger, mote conspicuous rodents
{nclude the black-tailed prairie dog, thirteen-lined ground squirrel. and
fox squirrel. Another abundant rodent, the plains pocket gopher, s
conspicuous due to the mounds of soil Lt produces at the sucrface when (it

excavates its undergrourid tunnels.

Legomorphs (rabbits and hares) are conspicuous and common in tha region.
Black-tailed jackrabbits are widespread, bcing especially common in areas
with tall grass, forbs, or shrubs. White-tailed jackrabbits are also
videspresad, although less common. Desert cottontail crabblts are common in
rangelands, while sastern cottontail rabbits are found in riparian
woodlands .

Big gams mgmmals in the region includ) mule deer, white-tatled dear. and
pronghocrn. Mule deer are abundant on RMA and around Barr Lake, often
concentrating in areas of tall weedy forbs, while white-tailed deer occupy
more wooded hsbltats, and drainage basins throughout vhe area. Pronghorn
occur locally {n wide open rangelands and agricultural flelds.

2-10
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The moat common predatory mammals in the region are the coyote:, badger. and
long-talled weasael. Rad foxes, grey foxes, swift foxes, and feral dowestic

dogs and cats are also locally cowmon in the reglon.

2.2.1.2 Agquatic._ Ecoaystams

Prior to settlament of the reglon, aquatic resources were limited to the
South Plate River and its tributaries, and a small number of natural ponds
and lakes. Today, numerous lmpoundments provide the dominant aquatic
resource of the Front Range Urban Corridor. These have been constructed for
a variety of purposes. including use& for livestock, domestic water supply,
flood control. lrrigation storage, and recreation. For most of the natural
lakes and ponds in the region--as well as streams and artificial water
bodies--the aquatic community l!s constrained to a significant extent by
climate, management practices and water quality. The semi-arid climate.
irregular distribution of runoff events, and « = of water for irrigation
typically result in widely fluctuating water levels. Galinity, alkalinity.
hardness, turbidity, and dissolved oxygen frequently limit the ability of a
water body to support a viable flshery. The following subsections briefly
characterize flowing or standing bodies of water In the region surrounding
RMA .

Rivecs and Creeks

Streams with sufficient basin size and runoff for permanent flow generally
support an aquatic community. Most large permanent s:reams ocriginate In the
moantains to the west, where heavier rainfall, an extensive snowpack. steep
terrain, and rocky golls contribute to the volume and persistence of flow.

A few have thelr headwaters in prairle uplands where seepage from rock

outcrops and greaver precipitation are sufficient to sustaln flows.

Rivers and creeks originating (n the mountains are cold, swift. clear. and
highly oxygenated when they emerge onto the plains. They typlcally are also
well shaded by riparian trees and have rocky substrates. Primacy production
{n coldwater and coolwater reaches 1s generally limited to periphyton
attached to the coarse substrate. Macroinvertebrates are dominated by

crawling forms of insect larvae (e.g.. caddisflles, mayflies., and

stoneflles). Densities and diversities of these organisms are high: tLhey
2-11
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provide an abundant prey base for fish, especially trout. Cutthroat trout
are natlve to these waters, and three introduced specias (rainbow, brown, (
and brook) also occur. Native nongame fish in these stretches include the

longnose sucker. longnose dace, and johnny darter.

As the streams flow eastward onto the plains, thay become slower and wider,

the amount of shading decrsases. sediments become finer, and turbidity

incresgses. Consequently, temperatures rise and oxygen levels fall. Primary

producers in these stratches shift from paciphyton to phytoplankton and »
macrophytes. Macroinvertebrate communities also change, being dominated by

burrowing forms (e.g., dipteran larvae and oligochaste worms) and free-

swimming aquatic insects (e.g., water striders, water boatmen., and diving

beetles). Invertebrate diversitlies and densities are notably lower than in

the upper stream reaches. Vertebrate aquatic species potentially occurring

ln the reglon include 26 fish and 7 amphibians. The ichthyofauna of these

reaches is composed of warmwater species. Native fishes of eastern Colorado

streams include the green sunfish. plains topminnow, plains killitish. -
fathead minnow. common shiner. and red shiner. Channel catfish are native

in larger rivers especlally farther east in the state and have also been

widely stocked.

Amphiblans present in the region include northern lecpard frogs and L
bullfrogs in permanent water bodies. and plains spadefoot toads.

Woodhouses's toads., great plains toads. and chorus frogs in a wide range of

wetland habitats and tanﬁorary ponds. Tlger salamanders are found i{n both

permanent and temporary water bodles. »

Lakes_and . Poods

Reglonal lakes and ponds generally support a warmwater aquatic community.
Primary production ls mostly provided by phytoplankton and macrophytes.
Zooplankton. particularly copepods and cladocerans (water tleas)., are an
important component of standing water. Macroinvertebrates include many of

Dragonflies and damselflies are Ilmportant components of regional aquatic

habitats, as are snalls and freshwate: musaels.

Gl TS PR GBE NS O R GER OB N G D OB D am N s B G




/

C-RMA-09D/BIORI.20.13
05/02/89

Fishes native to ponds and lakes in the reglon include the black bullhead,
green sunfish, orange-spotted sunfish, and fathead minnow. Most natural or
artifictal ponds or small lakes of sufficient size, habitat quality, and
accassabllity have baen stocked with gamefish for recreational use. GSpecies
stocked are varied but frequently include panfish such as bluegill or
pumpkinseed sunfish and predators such as largemouth bass or northern pike.
Green sunfish, black bullhead, and channel catfish are also commonly
stocked. Larger ponds and lakes may be stocked with walleye, yellow perch,
and black crappie as well. Trout, especially rainbows and browns, are

frequently added for a put-and-take fishery. Carp are ublquitous.

Lakes and ponds may support native pcpulations of northern leopard frogs and
introduced bullfrogs. Marshy areas along pond margins may be used for
breeding by northern chorus frogs, Woodhouse's toads, and great plains
toads. Another anyran, the plains spadefoot, i{s sometimes found along
small, shallow ponds. Tiger salamanders also breed In these waters.

Aquatlc turtles are a minor group in the region: only the western painted

turtle is llkely to be encountered.

2.2.2 RELATIONSHIP TO REGIONAL LAND USES

The area around RMA s subject to a variety of land uses that affect plant
and animal abundance, distribution, and diversity both on and off RMA
(Figure 2.2-1). Areas to the east of RMA are presently devoted to dryland
farming of small grain crops (wheat, barley), vegetables., corn. and alfalfa.
Specties diversity and abundance tend to be greatly reduced where (ntensive
agriculture is t:e dominant land use. Modern agricultural practices {(n the
region have eliminated fence rows and wind breaks that provide food and
cover for small mammals and birds. The control of "pest” species. most
notably prairie dogs, has reduced or eliminated certain specles from local
areas. Rodent and insect control programs not only eliminate the pest

specles but also reduce the amount of food available to predators.

Agricultural land to the north of RMA |s used for dryland crops. irrigated
crops. and grazing. Here again, {ntensgive agricultural practices have

tended to reduce the diversity and abundance of vegetation and wiidlife {n
these areas. Areas that are overgrazed tend to encourage prairie dogs to
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althear colonlze those arwas, or expand existing towns. Feedlots, which
attract lacryge numbers of red-winged blackbivds and other grain-eating birds.
are common in the area. When prairie dogs or bird populations reach pest
proportionsg, control programs are initiated to eliminate or severely reduce
the populations. Large acreages of sod farms north of RMA are virtually

devold of wildlifae.

Urban/indvatrlal development Lln Montbello and Commerce Clty has ellminated
much of the native vegetation and simultaneously reduced the indigenous
pralrie wildlife speclias. This same urban development has subsequently
provided hablitat for a variety of species adapted to a metropolitan setting.
Ornamental trees provide nesting areas for house finches, house sparrows,
starlings., and mourning doves. Bridges and commercial buildings provide
vroasting areas for rock doves. Shade trees Lln residential areas., parks. and

cemateries provide wooded areas for fox squirrels and eastern cottontalls.

Large stretches of tha South Platte River from Sand Creek to the city of
Brighton are currently being used for an assortment of industrial uses.
Gravel excavatlon has consumed areas of once pristine viparian habitat.
Sewage treatment plants and oll refinertes have also depleted areas of

wildl{fe habitat along the river.

Hunting of large mammals, small wmammals, waterfowl, and upland game birds ls
a common occurrence in rural areas surrounding RMA. This activity further
{imlts animal populations that are already limited by intensive agriculture.
Cther species are indirectly affacted by hunting. Raptors and other
predators rely on smaller birds and mammals for food: any decrease in the
prny base caused by hunting may decrease the abllity of the land to support
predators. Raptors are also frequently shot. irrespective of federal laws

that prohibit the killing of birds of prey.

Stapleton International Alrport. tncluding past expansion into Section 10
and ongoing expansion into Section 9 of RMA. maintains large open areas of

grasses and weedy focbs. These areas support populations of cottontails,

o
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jackrabbits and prairie dogs, and subsequently the raptors and mammallan
predators that feed on them. Other species such as deer may avoid areas ~f

noise and disturbance and are thus generally absent from rh: «1i:port.

In contrast to these surrounding land uses. RMA provides a combination of
large acreages of diverse open habitats interspersed with laxes. small
wetland areas and wooded areas, a mixture of native grasses and tall weedy
forbs, and a lack of hunting pressure and disturbance that has contributed
to an abundance of many wildlife species. Many of the species are more
abundant than {n similar areas off RMA. The abundance and avatilability of

prey specles attracts avian and mammalian predators.

2.3 SIUDY AREA

The study area used for these investigations included all of the RMA and
also the PMO-RMA study area for the Offpost Contamination Assessment, which
includes Barr Lake and the upstream surface waters associated with it
(Figure 2.3-1). The offpost area has been defined on the basis of the
distribution of potentially contaminated ground water. surface water, .and
sediments that may provide sources of contamination for plant and animal

species offpost.

2.3.1 TERRESTRIAL ECOSYSTEMS

Terrestrial ecosystems on RMA are typical of the eastern plains of Colorado.
but land disturbances., habitat alterations. and management practices have
led to an increase in habitat diversity and a greater abundance of certain

species.

2.3.1.1 Yegetaticon

Vegetation at RMA {s dominated by five broad community types: weedy torbs.
cheatgrass/weedy torbs, cheatgrass/perennial grassland. native perennial
grassland. and crested wheatgrass (Figure 2.3-2). These are open habituats.
with only scattered trees and shrubs. Minor community types occur tn areas
having specific substrate or moisture conditions. Although comprtsing a
small part of the total vegetacion at RMA, these minor communities .re

lmportant ecologically because of the diverse plant and animal species they

support. Minor types at RMA include sand sagebrush shcubland. ruhber
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rabbitbrush shrubland, yucca grassland, cottonwood/willow stands., bottomland
meadows, cattall marshes. and ornamental trees and shrubs. The vegetation
on RMA was described in detail to provide a basis for evaluating
contamination in the flora and the habitat it provides. The resulting

detailed description of the vegetation on RMA is provided In Section 3.3.1.

2.3.1.2 HWildlife

The wildlife component of RMA and the control areas contains all the ma jor
common species and most of the less common species of the regional fauna.
For many specles, populations at RMA are greater than in similar habitats
offsite, while some species are not as abundant. In most cases, animal
abundance at RMA appears to be related primarily to good habitat quality,
low levels of human disturbance, and the absence of hunting and livestock
grazing. The following subsections briefly describe existing wildlife
resources in the study area. Common and scientific names are provided in

Appendix A.

Reptiles and Amphiblans

The most conspicuous reptiles at RMA are bullsnakes, which are frequently
observed sunning themseives along roadways. Other snakes regularly
encountered are the western hognose snake in sandy terrain. the common
gartersnake and plains gartersnake near water, and the yellow-bellied racer

and plains rattlesnake in a variety of habitats.

Three lizard species are known to inhabit RMA: the lesser earless lizard,
short-horned llzard. and the many-iined skink. No turtles have been

reported on RMA.

Probably the most abundant amphibilan on RMA is the northern chorus frog-
This frog speclies breeds in large numbers in most cattall stands and
Intermittent wet areas (such as Upper Derby Lluke). Two frog specles. the
northern leopard frog and the bullfrog, are observed regularly in Lake Mary
and Lake iLadora. The leopard frog |s apparently more abundant than the
bullfrog. and it was also ooserved in other wet areas. including tiie North

Bog -

i
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Woodhouses's toads, great plains toads, and plaina spadefoot toads are
occasionally found as roadkills near the Lowar Lakas. All three of these
species are heard calling from minor water bodies or intermittent wet areas
on RMA. Upper Darby Lake supports the largest population of chorusing
asphiblans. Tiger salamanders are 2lso observad on RMA, notably tn the
North Bog.

dater Rirds

Waterfowl are a consplcuous fearure at RMA. Canada geese are one of the
more abundant speciss observed. This species has become a common resident
along the Front Range in recent years and successfully breeds on RMA.
Dabbling (surface-feeding) ducks observad at RMA include the mallard.
northern pintail, gadwall, American wigeon, northern shoveler, blue-winged
teal, cinnamon teal, and green-winged teal. All of these species are common
cn small ponds and lakes in the region. Dabbling ducks known to have nested
at RMA during 1986 and 1987 were mallard, gadwall, biue-winged teal. and

green-winged teal.

Diving ducks observed commonly on RMA include the canvasback., redhead. ring-
necked duck, lesser scaup. common goldeneye. and bufflehead. Of these. onily
the redhead was documented to breed on the RMA. 1Diving ducks, unlike
dabbling ducks. typically occur on large weterbodies. Lake Ladora (25 ha)
received the greatest use by migrating diving ducks. Lower Derby Lake (18
ha) was less heavily used, probably because of {ts generally shallower
depth. Additional diving ducks include the comamon and hccded mergansers and
the ruddy duck, all of which were uncommon migrants. American coots and
pied-billed gretes nested onsite and are among the most common species.
Western and eared grebes are present. primarily during the migration

seasons. Coots and grebes are ecologlically similar to diving ducks.

Wading blrds observed at RMA are the great blue heron and black-crowned
night-heron. Creat blue herons do not nest onpost. but feed regularly in
the shallows of the Lower Lakes, Havana Pond, and marshy areas along Flrst
Creek. Black-crowned night-herons are le<s frequently observed. but may
nest on RMA. The closest known rcorery for both these specles is at Barr
Lake.
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Culla and shorebicvds observed at RMA are typical for the reglon. The most
commonly observed species are harring and ring-billed gulla, killdeer,
American avocets, willets, greater and lesser yellowlega, long-blilled
dowitchers, and spotted sandpipers. Wilson's phalaropes, white-faced Lbls,
Virginia rails, and soras are also observed. Kilideer and avocets nest
onpost in small numbers and the Virginia rail and the sora apparently nest
along the inlet of Lake Ladora, near Gun Club Pond, and on First Creek
northeast of the North Plants. Other water birds observed in summer but not

known to nest at RMA include white pelicans and double-crested cormorants.

Songoirds

The prevalent breeding songbirds in open (grassland. weedy forb., and shrub
steppe) habitats a2t RMA are the horned lark, western meadowlark, grasshopper
sparrow, and to a lesser extent the lark sparrow and lark bunting. Habitat
diversity ls an {mportant feature in attracting additional songbird species.
Mature deciduous trees along roadsides or in small clumps are regularly used
for nasting by northern flickers, eastern and western kingbirds, black-
billed magpies, American robins, loggerhead shrikes, northern orloles,
lesser goldfinches, and lark sparrows. Ornamental and shade trees near
buildings are especially attractlive to house finches, house sparrows.

Brewer's blackbirds. common grackles, and starlings.

Most of the species nesting in scattered trees alsc nest in riparian
woodlands. However. the more extensive and denser growth of trees in the
riparian areas, and the more diverse understory. provide nesting habitat for
a variety of additional species as well. Prominent among these are the
downy woodpecker. western wood-pewee., tree swallow. black-capped chickadee,
gray catbird, red-eyed vireo, warbling vireo. yellow warbler. black-headed
grosbeak, and indigo bunting. The riparifan woodlands alsc attract a large
number of speclies (both breeding and migrant) not otherwise found onpost.
Thess include numerous house wrens., ruby-crowned kinglets. Swainson's
thrushes, brown thrashers. orange-crowned warbiers, yellow-rumped warblers.
Wilson's warblers. chipping sparrows, white-crowned sparrows., Lincoln's
sparrows, American goldfinches. and pine siskins. plus several less common

species.
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Other songbirds nusting on RMA (nclude red-w!nged blackbirds, yellow-headed
blackbirds, common ysllowthroa“s, and song sparrows i{n cattall marshes.
Rock doves, Say's phoebes, and barn s allows are common around abandoned
buildings. In addition to supporting the typlical breeding birds of eastern
Colorado, RMA supports breeding populations of several spectes which breed
only locally or rarely on the eastern plains. The short-esred owl, tree
swallow, northern wmockingbird, sage thrasher, and orchard oriole. as well
as other species, are in this category (CDOW. 1982b). Common vwinter birds
are the western meadowlark, horned lark, and water pipit Lln open aress: the
Amarican tree sparrow, dark eyed junco, and white-crowned sparrow in brushy
areas: and the black-capped chickadee. brown creeper, and white-breasted
nuthatch in wooded areas. Other prominent winter specles include nocthern
shrikes, and Townsend's solitaires, plus year round residents such as house

finches. house sparrows, starlings, and magpies.

Raptars

A distinctive characteristic of RMA 1s the density of raptors present
particularly during winter. The abundance of prey, the distribution and
abundance of suitable nesting and perching habitat, a:d the relative lack of
human disturbance contribute to high population densities of hawks and owls.
Ninsteen species of raptors ware observed on RMA betwaen 1985 and the end of
1988 (ESE, 1988b, RIC#88174R0O3: USFWS, 1988: MKE, 1988). Previous winter
surveys showed that hawk densiti{es averaged approximately five to six
individuals per square mile (Kolmer and Anderson, 1977. RICe81295R07).
Studles in 1988 (ESE. 1988b, RIC#88174R03) confirwed high craptor densitles
during the winter. Rough-legged hawks, ferruginous hawks. and red-tatled
hawks are coomon during the winter. as are golden esgles. Wintering owls

include long-earsd. short-eared. barn, and great horned.

Two species of high federal interest, the bald eagle (a2 federally endangered
species) and the ferruginous hawk. are present (n notably large numbers
during winter months. Recent winter raptor cengsus work (ESE, 1988b.
RIC#88174R03) indicated that the ferruginous hawk is the most abundant
wintering raptor on RMA. Wintering populations of the bald eagle in the
region include more than 20 baid eagles roosting on RMA during the winters
of 1986-1987. 1987-1988. Studies (ESE. 1988b. RIC#88174R03. USFWS 1989,
2-22
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Personnel Communication) indicated that bald eagles wintering on RMA feed
primacily on prairie dogs and rvabbits, many of which are stolen from hawks.
mostly ferruginous hawks. Small numbers of bald eagles were seen in the
winter of 1985-1986, generally around the Lowsr Lakes. where they hunted
fish (MKE, 1987). However, systematic feeding observations during the
winterg of 1986-1987 and 1987-1988, found very little evidence of eagles
feeding at the lakes (ESE, 1988b, RIC#88174R03). This may have been a
result of the lakes being frozen more during the latter two winters., but

aven when the lakes were open little fishing bshavior wss observed.

During the summer, red-talled and Swainson's hawks, northern harriers and
American kestrels sre common. Swainson's hawks and American kestrels are
the dominant breeders. Great horned. long-eared. short-eared, and burrowing
owls are also common breeders. Twenty-one raptor nests (not including
kestrel nests) were located across RMA in 1987 (Figure 2.3-3), and {t is
likely that others, espectally long-eared and burrowing owl nests, were
migsed. Less common raptor specles occurring on RMA are Coaper's and sharp-
skinned hawks, prairie falcons and Merlins, and occasiorally turkey vultures

and Ogprey.

Cacnlvoces

Coyotes are the largest and most conspicuous carnivores that tnhabit RMA.
The species is widespread on RMA, particularly {n and near prairie dog
towns. Studies conducted in Qctober and November 1986 suggested that the
relative abundance of coyotes was higher on RMA than offpost locations in

eastern Colorado (MKE, 1983).

Badgers are also common at RMA and are frequently observed i{n prairie dog
towns during night surveys. Red fox, gray fox, and swift fox were observed
on RMA during biota assessment studies in 1985-1987, but abundance data were
not collected. Other carnivores present on RMA include raccoon. striped

skunk, and long~tailed weasel.

Deer
Both mule and white-tatled deer are common and conspicuous on RMA. Total
counts made i{n December 1986 were 133 mule deer and 22 white-tailed deer
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(CDOW, 1987). Five replicate gtound counts conducted by MKE »n RMA in 1986-
1987 revealed up to 207 mule deer (mean = 179) and 56 white-tailed deer
(mean = 42). These numbers ars high for the region, and both specles were

more abundant on RMA than at offpost comparison areas.

Cottonialls and Jackcabhirs
Desert cottontails and black-tailed Jackrabbits are abundant across RMA.
Eastern cottontalls are present in thickets and riparian areas, and white-

tailed jackrabbits are present {n small numbers.

Bralrie Dogs_and Qther Rodents

Black-tatled prairie dogs are the most conspicuous mammal on RMA, with
extensive colonies covering approximately 5,000 acres (1,961 ha)
(Clippinger, 1987). Aerial photographs and a review of the literature
Indicate that the colonies have expanded in recent years. Studies conducted
in 1987 (ESE, 1988c, RIC#88204R01) estimated a minlmum summer population
density of 20 prairiae dugs per ha on RMA, which (s at the lower end of an
expected range of 22 to 32 for the specles (King, 1955, Tileston and
Lechleitner. 1966). Other rodents observed at RMA (nclude thirteen-]1ined
and spotted ground Squirrels in opun habltats, fox squirrels in riparian
woodlands. muskrats on all pPermanant bodies of water, and a variety of
smaller species. Pocket gopher mounds are cbserved across most of RMA.
Small manmals live-trapped in 1986 were the deer mouse. plains harvest
mouse., westuirn harvest mouse., northern grasshopper mouse, prrirtie vole,
mesdow vole. Ord's kangaroo rat, hispid pocket mouse, and silky pocket mouyse
(MKE, 1988). Tall weedy forbs. yucca, sand sagebrush. and cattails are the

®MOost productive hsbitats for small rodents.

2:3.2 AQUATIC ECOSYSTEMS

Aquattic habitats at RMA are largely the result of human development during
the past few decades. The descriptions that follow are the results of
dquatic studies conducted during 1986 through 1988 by MKE (1988) and are

discussed in more detail In their forthcoming report.
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2.3.2.1 Lakea and Ponda

Bodies of standing water at RMA include four lmpoundments collectively known
as the Lower Lakes and saveral gsmaller ponds (Rod and Gun Club, Havana or
South Gate. Toxic Storage Yard, and North Bog). The following subsections
briefly describe the lakes a=d ponds at RMA. Greater detall is provided for
Lakes Mary, Ladora, and Lowar Derby in Section 3.3.2, because they are the
only large permanent watar bodies on the Arsenal and thus are of greater

ecological and recreatlonal lmportance overall.

Upper Dechy Laka

This lake, the easternmost of the Lower Lakes, was bullt by the Army shortly
after RMA was established in order to increase the effectiveness of the lake
system for process cooling water. It is currently used only for flood and
overflow storage and thus s dry most of the year. If the lake were full.
it would have a surface area of about 34 ha and an average depth of less
than 2 meters (m). The broad, shallow nature of lipper Derby Lake, the fact
that it generally holds water only during the spring, and the presence of
rooted vegatation across most of the substrate make it suirable for breeding
by certailn amphibians. Sp:ingtime vocallzetion surveys documented
reproductlon in Upper De.by Lake by northern chorus frogs. plains spadefoot
toads, Woodhouse's tc.aus, and great plains toads. All but the last species

were present in ]-.ge numbers.

Loweg_ Derby Lake

This ls the largest impoundment at RMA., with a surface area of about 38 ha
and an average depth of 2 to 3 m. Lower Derby Lake receives i(nflow from the
Irondale Gulch basin (ilncluding Upper Derby Lake) and two ditches (Uvalda
Intercaptor and Highline Lateral), as well as runcff trom the South Planis
area. Lower Derby existed as an irrigation reservoir prior to establishment
of RMA, although {t was enlarged by the Army and used fur process coolling

water .

Laks_Ladaora

This is the second largesr lake at RMA, wilh a surface area of about 25 ha.
The average depth is probably less than 2 m because of extensive shallows,
but the deepest areas {n open water exceed 5 m. Lake Ladora 1s located
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immediately below (wast of) Lower Derby Lake, and ltke Lower Derby. Ladora

pre-dated RMA but was enlarged by the Army for process cooling water.

Lake Macy

This lake is much smaller than Ladora or Lower Derby, with a surface area of
only 3.2 ha. Averazge depth is about 2.7 m. Although it ls located
{mmediately below Lake Ladora, Lake Mary was not part of the process cooling
water system. Rather, Lake Mary was constructed in 1960 as a recreational

area.

Bod and _Gug Club Pond

This 1s actually two separate ponds that coalesce during perlods of peak
runoff. The po.ds are located just south of Lower Derby Lake in a natural
depression that apparently was deepened by excavation between 1965 and 1971.
Although un overflow ditrh can carry water to it from Lower Derby Lake, Rod
and Gun Club Pond receives runoff primarily from the surrounding terrain.
There Is no drainage outlet. The depression covers an area of just under

§ ha. but the pond itself covers only 2 ha and is less than 1 m deep.
Electrofishing and seining in 1987 failled to produce fish, but the pond was
documented to support breeding by northern chorus frogs and Woodhouse's
toads. Additionally, Rod and Gun Club Pond was an important breeding arec
for waterfowl during the summer of 1984. Ruddy duck. American coot.
mallard, and blue-winged teal were observed either displaying breeding

behavior or with eggs or young (USFWS., Personal Communication. [989).

Havana fond

Also called South Gz2te Pond, this small impoundment retains runoff from
residenti{al . commerctal. and industrial areas south of RMA. Most of the
water s carried into the pond by the Havana Street Interceptor and Peoria
Ditch, although sheet runoff from ad jacent areas probably contributes some
additional water. Aquatic sampling was conducted at Havana Pond Ln 1987.
No fish were captured. but It supported lacrge breeding populations of
northern chorus frogs and Woodhouse's toads in spring. Observations
conducted in spring 1984 (USFWS. Per<onal Communication, 1789) revealed

abundant numbers of waterfowl during migration.
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Ioxic Storage Yagd Pcud

This 1s actually a series of three small ponds along First Creek. The ponds
were formed by constructing earthen dams {n an area that was previously a
marshy depression. The dams have been breached, and only one small pond
covering less than 0.2 ha remains. Toxic Storage Yard Pond was not sampled
during field studies, but it presumably supports the same spacles as First
Creek (plains killifigh, fathead minnow, green sunfish). Toxic Storage Yard
Pond currently is used for breeding by northarn leopard frogs., northern

chorus frogs, Woodhouse's toads, and great plains tocads.

Nerth_Bog Peod

Located near the northern boundary of RMA just west of Flrst Creek, North
Bog Pond covers approximately 0.8 ha. Before RMA was bullt, the area was a
small cattall marsh fed by a seep. The seep Ls now greatly augmented by
excess water from the north boundary containment/treatment system. A
qualitative sampling effort {n May 1987 resulted in the capture of several
large carp and numerous fathead minnows. The pond also supports breeding by
bullfrogs and northern leopard frogs, with northern chorus frogs and

Woodhouse 's toads in adjacent cattail areas.

2.3.2.2 Streaws
Surface runoff on RMA flows generally northwestward toward the South Platte
River, which roughly parailels the northwestern boundary of RMA at a

distance of about 3.2 km. Natural and artificltal drai‘nage channels on RMA

are described below.

Elrst Creek

This is the largest and ecologically most important surface drainage on RMA
It drains most of the eastern half of the site (about 24 kmé) and has .
total onsite length of 9.4 km. First Creek has a maximum discharge capacity
of 7 cublc meters per second (m3/sec) where it enters the southeastern
corner of the RMA In Section 8. and 8.5 m3/sec as It exlts at the northern
cperimeter in Section 24 (CO%, 1983). Its average gradlent across the site

is ¢.3 m/km. In dry years, the flow of First Creek on RMA Ls contlnuous
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only durtng the spring and following ma jor storms, but 1t generally may be
characterized as a faicly persistent intermittent stream. The persistence
of flow {3 evidenced by well-developed hydrophytic and phreatophytic

vegetation along much of ity length.

Several canals and ditchas onpost contribute surface water to First Creek.
It also recelves effluent from the sewage treatment plant and overflow water
from Upper Decby Lake. First Creek does not flow directly into the South
Platte River, but instead is intercepted by O Brian Canal and Burlington

Dlech and thence fed into Barr Lake north of RMA.

Qualitative sampling in First Creek revealed populations of plains killifish
and fathead minnows, as well 3s a few small green sunfish. The irregular
flows and generally poor perifluvial habitat that currently characterize

wost of Flrst Creek undoubtedly limit its value as an aquatic resource.

Second. Cresk

The extreme northeastern corner of RMA (about | km?) ts part of the Second
Creek drainage basin. Total basin slze of Second Creek is about half that
of Filrst Creek, and it also |s i{ntermittent. Although Second Creek barely
antors the extreme northeastern corner of Secticn 20, it does not actually
cross RMA property. Second Creek is not currently connected to any onpost
surface water body. but it previously fed a network of agricultural
lerigation canals on what (s now RMA land. At present. Secony Creek (s

{ntercepted by O'Brian Canal.

Distches.and_Canals

Basides Flrst Creek, the only bodies of flowing water occurring within RMA
are various canals and ditches entering from the south. These dlitches are
the Highline Latera. and Uvalda Interceptor. which enter from the south and
southeast and feed Into Lower Derby Lake: Havana Street Interceptor and
Peoria Dltch., which enter near the South Cate and flow Lnto Havana Pord: and
Sand Creek Lateral, which inters west of Havana Pond and presently
terminates north of the No-th Plants. The Army has recently entered tnto an

agreement with the Clty and County of Denver to design improved drainage

flow structures in the Fir-t Creek and Irondale basins.
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Ditches and canals on RMA represent extremely limited aquatic habitat
because of their highly irregular flows. Howaver, most contain a smull
amount of water during much of the year, and they probably contribute
aquatic {nvertebrates as well as water and sediments to the Lower Lakes.

The Highline Lateral may be a route by which fishes enter RMA waters during
periods of flow.
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3.0 SAMPLING AND ANALYSIS PROCRAM

Biota investigations were conducted by ESE in two phases so that the
sampling and analysis program could appropriately address current
contamination sites and sources. Information developed in Phase I was used
both to plan Phase II investigations and to provide a summary of past

contamination problems as a basis for preparing the complete Biota RI.

The Phase IT work plan was coordinated with the simultaneous investlgations
being conducted by MKE so that duplication of effort would be avoided. The
vegetation and aquatic studies conducted by MKE provided information used to
describe current conditicons and provide supplementary information on the
levels of blota contamination and related adverse effects. Rationale and a

brief methodelogy for the Phase II tasks are presented tn Section 3.2.

Development of the work plan was facilitated through technical discussions
among representatives of the State of Colorado (Colorado Department of
Health (CDH) and CDOW)., federal government (U.S. Army andg U.S. Fish and
Wildlife Service (USFWS))., Shell Otl Company (Shell)., and their respective
contracrors for biological studles in the Biota Assessment Subcommittee of
the RI Committee (row the Blota Assessment Working Group (BAWG)) developed
for this purpose. All studles and modifications were discussed in meetlings
of the BAWG. This commitiee was formed ln January 1986, and continued to
meet periodically throughout the biota assessment eftort to discuss study

objectives, methods. and preliuinary results.

3 1| PHASE_I_INVEST.GATIQN

3.1.1 OBJECTIVES

A ma jor Phase | objective was to develop 4 single database that i{ncluded
current and historical information on species presence and abundance:
contamination sources and locatlons: contaminant types. concentrations. and
distributions: biological effect, of contamination: and other data pertlnent
toc a comprehensive assessment of contamination in biota. Addlitional
objectives of Phase [ were to provide specific information on pathways for

the movement of contaminants through the blota in conformance with the
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requiremants of the NCP, to assess the potential for ecological effects and

human health hazards resulting from contamination of biota, and to develop a
work plan for any additional studies that were needed in order to provide an
adequate basis for assessing blota contamination. This work plan was

implemented as Phase II.

3.1.2 METHODS

A comprehensive effort was made to obtain all pertinent sources of
information including RMA files, agency contacts, review of published
literature, and other sources as suggested in Culdance on Remedial
Investigations Under CERCLA (EPA, 19851{). Execution of this phase was
accomplished in three tasks, each of which contributed to this preiiminary

assessment .

J.1.2.1 Preliminary Assesswmept

This task consisted of collection and compilation of data from all avallable
regional sources and other pertinent llterature. Major sources of
information included the Rocky Mountain Information Center (RIC) and
specific databases developed as part of the overall environmental assessment
at RMA. Appropriate agencies were contacted., Including the USFWS. CDOW. and
local universities. Onpost data sources at RMA included reference
collections of specimens., as well as unpublished data from biological
information compiled since RMA's establishment in the 1940's. Pertinent
sources have been cited In the text and are documented in Section 7 0 of

this report.

A brief field survey was conducted within the defined study area to obtain
information on the occurrence., distribution. ard general abundance of key
specles of plants and animals. The distribution of major vegetation
communities was initially mapped by MKE based on recent aerial photographs
and limited ground-truthing. Subsequent fleid programs by both MKE and ESE
Included future refinement of the ~_getation map. Incidental observations
on hablitat disturbance., plant or animal mortaitties. and general site
conditions were documented and lncorporated i{nto the general body of

pertinent information.
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3.1.2.2 Selectlion Criteria Development

Genersl information on ths toxicity and environmental behavior of chemical
contaminants at RMA was compiled in relation to biclogical resources. A review
of pertinent literature and consultation with the U.S. Army Medical
Bioengineering Research and Devalopment Laboratory personnel and other Army
contractors resulted in the development of selection criteria for {dentiflication
of contaminants of potential concern to biota and the selection of the 39
contaminants of concern. These selection criteria were based on the data
documenting adverse effects of each potential contaminant of concern on
blological resources and/or through them to humans. This task was Integrated
with the results of the Phase I contamination assessment to identify pathways to

be developed and key species to be studied.

3.1.2.3 (Contaminaliop Assessment
The Phase I contamination assessment focused on accumulating and analyzing
pertinent information on three major areas:

o The species, populations, and interrelationships of biological
resources on RMA and within the offpost study area:

o The presence, distribution., and concentration of contaminants in the
ablotic envirorment (e.g.. soil, surface water. ground water. and air):
and

o The effects of contaminants on various components in the regional

ecosystens.

Data frow past studies. and preliminary data from current environmental studles
were used to better define the present distribution of contaminants in the
abiotic environment. Evaluating the effects of these contaminants on specles and
ecosystems included the development of food webs and defining pathways for the
movement of contaminants through ecological systems. Seven subtasks were
tnvolved in the Phase [ contamination assessment.

o Specles Inventory -- Species lists of plants and animals known to occur
or potentially occur within the RMA region were compliled. Information
on seasonal use (e.3.. migratory vislitor., seasonal breeder, etc.) was
included to help with construction of tfood chalns and food webs,
{dentification of key speclies. and evaluation of potential btota

contamination.
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Population Densities ~-- GCeneral information on the abundance of
key species was developed to assist in determining important
potential pathways of contamination eovement within ecosystems and
to provide a basis for estimating potential hazards to humans and
other consumers in reglional food webs.

Food Hablt Studies -- Available data from literature sources and
regional contacts was supplemented with lncidental observations
during brief field visits to butter define potentlal contaminant
pathways.

Food Webs -- Comprehensive (community) food webs were constructed
for each major ecosystem. Inforsstion on predators and prey was
organized into a compuv-er database and analyzed to develop
preliminary food weis. The database was later used in conjunction
w#ith information un ger.ral abundance and site specific food
hablts to determi-~ iujor pathways and select key species for
subsequent detailed food web analyses.

Fleld Survey -- Brief fieid visits were conducted throughout the
project study area (Section 2.3) to augment and update information
obtalned from published sources, internal Army documents, and
agency/expert contacts. Any significant differences in vegetation
cover, land use, or other significant features were recorded and
i{ncorporated into the Phase [ contamination assessment.

Inctdental ohservations of wildlife species (e.g.. location,
behavior, feeding observations, etc.) were also recorded and used
when appropriate.

Chemical Inventory -- Information was obtained on chemical
contaminants at RMA, including persistence. toxtcity.
bioconcentration/bloaccumulation potenti{al, and distributlon in
the RMA environment. These data were used to preliminarily
fdentify contaminants and areas of concern-

Phase II Sampiing Work Plan -« A Phase Il work plan was developed
in response to data gaps ldentified during Phase I. Components of

this plan are presented in Section J.2.
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3.2 PHASE IX INYESTIGATIONS
J.2.1 OBJECTIVES
The two major objectives of the Phase II biota investigations were:
o To obtain quantitative information on the types, concentrations,
and distribution of RMA contaminants in blota: and
o To evaluate the adverse effects of RMA contamination in the

ableotic environment on blological systems.

The program design was {ntegrated with other ongoing studies so that
concentrations of contaminants in abiotic media could be related to
contaminant levels and effects Lln biota. Both direct effects (e.g.. death,
disease, reduced reproductive success) and lndirect effects (e.g..
alteration of food wab relattonships) ~ere addressed. MKE data were used,
as appropriate, to augment existing information. to describe current
conditions (particularly in the Lower lakes), and to evaluate contaminant

effects and contaminant pathways in blological systems.

3.2.2 METHODS

Several data deficiencies identified during Phase I led to the Phase II
program. Because both the Army and Shell were conducting biological studles
on RMA, It was agreed that these investigations would be coordinated to
avoid duplication of effort and ensure that all information necessary for
completion of the RI would be collected. Detailed study methods are
described in the Task 9 Biota Assessment Final Technical Plan (ESE. 1988d,
RIC#88243R05) and in forthcoming reports from MKE for thelr vegetation.

wildlife, and aquatic ecosystem investigations.

New {nformation obtained from Phase II biota field investigations and other
sources (e.g-. results of Phase [ studles on contaminant distribution/levels
in other media, newly available documents) was consistent with the general
Phase | objectives, but at times led to appropriate modifications ot
specific study objectives within the Phase Il Technical Plan. Additional
studies that were instituted after Phase II began (e.g.. bald eagle foraging

and habitat use) are included as part of Phase [!.
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Statistical anslyses ware conducted on data to detact any population and/or
chemical contaminant differences awmong sample groups. The general study

design involved at least one RMA sample group and one offpoust control. For
less mobile species (e.g.. earthworms, prairie dogs), onpost control groups
were also sampled. In some cases. samples were collected from more than one
site of potential contamination and from more than one season (e.g., winter

collection of prairie dogs) because of eagle pathway concerns.

A variety of statistical analyses were used for population and non-chemical
data, but non-parametric methods were used for all tissue contamination data
because variances wers consistently heteroscedastic and distribution was
non-normal. The general analytical approach for each specles was the same
fn that a separate Kruskal-wallls one-way ANOVA was used initially for each
contaminant, followed by a set of hierarchical a priori contrasts consistent
with the experimental design. Where sample sizes were insufficient to
detect differences, only descriptive statistics were prepared. Appendix B

presents the details of all statistical analyses conducted on blota data.

Contaminant, population, and acetylcholinesterase (ACHE) inhibition studies
were designed to include equal numbers of samples from all onsite and
offsite locations. This was not always achieved for a vartety of reasons.
Sufficient mallard eggs and fledglings could not be found in RMA lakes. and
earthworas were difficult to locate in the South Plants. Brain samples for
AChE testing were unequal, because some brains ware damaged as a result of
head shots whilg collcct@ng animals for contamtnant analysts. wWhere
parametric assumptions could not be met. nonparametric statlstical

techniques still permitted analysis of results.

3.2.2.1 Callectlon Sitas

Several of the investigations conducted in Phase I[I required sampling of
contaminated and control areas In order to establish a relationship between
cond{tions in onpost areas of contamlnation and background conditions in
areas not exposed to RMA contamination. Onpost contaminated collection

sites were selected based on the species being sampled and thelr proximtty
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to areas of known or potential ablotic contamination (Section 26, Secttion e

26, Lower Lakes). Onpost, as well as offpost control sites, were used. (ﬂ
Onpost control areas were selected from areas where previous soil and ground

water investigations rsvealed no contamjination. Maps of collectlon sites

from onpost contaminated and onpost control areas are provided in Section Y

4.3, along with the results of tissue analysis from biota collected from the

individual sites. Collection site locations for offpost contreol areas are

briefly described below. Offpost locations are shown in Figure 3.2-1.

Barr Lake Siate Recreation Area

Located approximately 5 mi north of RMA is a 1,900-acre (770 ha) lake lined

with stands of cottonwood trees, marshes, and aquatic plants. The south end

of the lake has been designated as a wildlife refuge providing habitat for

mule deer and white-tailed deer, large numbers of wintering and breeding »
waterfowl, white pelicans. great blue herons, a wide variety of songbirds,

and numerous raptors, including a nesting pair of bald eagles. Control

samples collected from the Barr Lake area included ring-necked pheasants.

kestrels and kestrel eggs., and earthworms. q

Wellipgieo.State_Wildlife drea

Located near the town of Wellington in northeastern Colorado. Wellington

State Wildlife Area is 2,100 acres (850 ha) of ponds, marshlands., and

grasslands. This area is owned and managed by the CDOW, primarily as a »
refuce for game birds. Control samples collected from thls area include

mallards and mallard eggs, cottontail rabbits, mule deer, and prairte dogs.

Pawnce Nariopoal_Grasslands »
Located north of Greeley. Colorado, the Pawnee National Crasslands (s a
patchwork network of public grasslands managed by the National Forest
Service. Rich i{n nattve flora and fauna, the Pawnee grasslands provide
habltat for pronghorn antelope. jackrabbits. cottontalil rabbits. small
rodents., and raptors. Samples collected on Pawnee National Grasslands were

cottontall rabbits, mule deer., and kestrels.
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Aurora.Enviconmental Park

Located in the northeastern part of Aurora, Colorado, Aurora Environmental
Park consists of grasslands and small cottonwood riparian areas borderin.
Sand Creek which flows northwest through the park. This area was ~d as a
control area for vegetation and grasshopper transects and for *h- collection
of grasshoppers used as control samples in contaminant analy .s studles.
Buckley Alr Natiosal GQuard Base (Buckley ANG)

Located directly east of Denver. Colorado, Buckley ANG is an active Air
National Guard Base providing runways., hangars, ond training facilities for
military alrcraft. The landscape of the area consists of scattered
barracks, military installations, and largec areas of open grasslands.
Prairie dogs, cottontail rabbits. jackrabbits, and wintering raptors are
common on the installation. Buckley 4NG was used for MKE of fpost studies on
prairie dogs, breeding songbirds., <ottontails and jackrabbits, small

mammals, and vegetation.

Rlains_Conservatliaon Center (PCC)

Located south and ad jacent to Buckley ANG, the PCC consists of 3 square
miles of grasslands and prairte habitat in Aurora, Colorade. Scattered
cottonwoods exist along Toll Gate Creek which bisects the PCC. Urban
development 13 rapidly encroaching on the PCC from the west and south. The
PCC provides habltat for pronghorn antelope. jackrabbit, cottontail rabbit.
small rodents. and raptors. The PCC was used as an offpost control area in
MKE studies for prairie dogs. breeding songblrds, cottontatls rabbits,

jackratbits, small mammals. and vegetation.

Mckay Lake

A small lake located in western Adams County., McKay Luke was used as the
offpost control site in aquatic studies. This lake {s comparable to the
lower lakes In age. area, depth, adjacent vegetation. substrate, uand water

quélity. and supports most of the same fish specles as the lower lakes.

Qther_Areas
Kestre! and mallard brains used in acetylcholinesterase studies and vygs

used in chemical unalystis were collected from areas that had been previously

o
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used in similar studles conducted by the USFWS. Control sites used in the
collection of kestrel and mallard eggs included areas in the vicinity of
Fort Collins, Lake Granby, Big Thompson River, Monte Vista National Wildlife
Refuge, Poudre River and Hot Sulphur Springs, Colorado (Figure 3.2-1).

3.2.2.2 Eleld Investigations

Studies were conducted to assess current conditlons of biota ln each major
site of contamination and in their corresponding control sites. The goals
of the field investigations were to detect and measure any differences
between biota from sites of contaminatior and those from control areas and
to assess whether detected differences might be attributable to RMA
contamination. The populations of four specles (black-tailed prairie dog,
mallard, ring-recked pheasant, and American kestrel) were studied tn greater
detail. The prairle dog was of particular interest because of lts

importance as a raptot prey specles.

Wildlife

A list of important wildlife species potentially occurring on RMA was
initially compiled. A plant or animal species may be considered important
for a variety of reasons. Federal laws have been enacted to protect specles
that are -~onsidered to be threatened with extinction. State laws have been
passad to provide protection to specles that are threatened on a local or
statewide level Species may ba considered lmportant based on their
economic benefits, including recreational values or consumption by humans.
Other species are -onsidered i{mportant because of thelr potential negative
fmpact on humans ot other specles. These include disease vectors., pests

species, and specles with expanding populations.

Specles are consideced tmportant for the purposes of this report
(Table 3.2-1) {f they meet any of the following criterta:
o Classified as federally threarened or endangered under the
Endangered Spectes Act of 1973, as amended (spectes listed as
candidate spectes for future consideration for inclusion .n the

Endangered Specles List),

0 Listed 25 endangered by the State of Colorado.
0 Considered to be 3 Species of sSpecial Concern by the CDOW (185),
3-10
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Table 3.2-1. Important Species Potentially Occurring On or Near Rocky
Mountain Arsenal. In Order of Importance Within Groups
According to USFWS and the Colorado Wildlife Workshop, 1

(Page 1 of 4)

Status Obs
Common Name Scientific Name Federal State on
MAMMALS
Black-footed ferret Musiela nigripes E E
Swift fox Yulpes velox (o
Oppossum Didelphis virginiana SE
Little brown bat Myatis lucifugus SP
Big brown bat Eptesicus fuscus SP
Desert cottontatil Sylyilagus audubounil SD, G
Eastern cottontail Sylvilagus floridanus SN, G
white-tailed jackrabbit Lepus townsendil SD. G
Black-tatled jackrabbit Lepus californicus SN, G
Thirteen-lined ground Spermephilus tridecemlineatus SD
squirrel

Spottaed ground squirrel Spermophilus spilosoma SD
Rock squirrel Spermopbilus zaciegatus SE
Black-tatled prairie dog Cynamys ludavicianus SE. sP,

SI. G
Fox squirrel dciucus niger SP. SN. G
Northern pocket gopher Thomomys Ltalpaides SD. SI
Olive-backed pocket Perogpathus fasciatus SD

mouse

Silky pocket mouse Perogoatbus flavus SD
Raccoon 2rocyon lotor SP., SE
Mink Mustela visao SE
Spotted skunk Spilogale putorius SE
Striped skunk Meounitis mephitis SE. SP
Bobcat Felis rufus SE
Coyote Canis latraps G
Red fox fulpes (ulpes G
Cray fox Uracyon clpercoargenteus C
Badger Taxidea taxus G
Muskrat Cndatcd zibethicus G
Mule deer Qdocaileus hemionpus G
white-tailed deer Qdoceileus virgioianus G
Pronghorn Antilocapra amesicana ¢
BLIRDS
Bald eagle Hallaeetus leucccepnalus E k.
Peregrine falcon Falco pecregrlous E L
Wwhooping crane Crus dmegricand 3 t
Least tern Sterna anbtillacum E k
Piping plover Chacadrius welodus E £
Ferruginous hawk Butew regalls C ub
Swalnson’ s hawk Buieo uwalosond C
Western snowy plover Chazadrius alexandrious C 5D

aiiQsus
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Important Species Potentially Occurring On or Near Rocky
In Order of Importance Within Groups

According to USFWS and the Colorado Wildlife Workshop.,

1985. (Page 2 of 4)
Status Observed

Common Name Sclentific Name Federal State on RMA
Mountain plover Charadrius wooLanus ¢ S
Yellow-billed cockoo Coccyzus americanus c SD
Long-billed curlew Numenjius amecicanus c SD
Golden eagle Aguila chrysaetos f X
Prairie falcon Falco mexicanus ] SD X
Osprey Pagdian haliastus H SD X
Northern goshawk Acclpiter gentilis i SE X
Cooper 's hawk Accipiter cooperil H X
Merlin Falceo calumbarius H X
Burrowing owl Athepe cunicularia H SI X
Eastern screech-owl Qrus asio H X
Upland sandpiper Bariramia langicauda SD X
American bittern Bataurus lentiginasus SD
Brown-headed cowbird Malorhrus ater SN X
Eared grebe Padiceps nigricallis Sb. sI X
European starling Sturnus vulgaris SN X
American white pelican Pelecapus erythrorhyochas SE. SI X
Chihuahuan raven Carvus crypioleucus SD
Mountain bluebird Sialia currucoides S0 X
Western grebe dechmophorus acclidentalis SD. SI X
American dipper Cloclus mexicaous s1
Loggerhead shrike Lanius ludoviciapus SD X
Creat blue heron drdea herodias SE. SI K¢
Forster 's tern Sterna forsteri SI £
Fox sparrow Basseregllia iilaca SD.SI X
Common nighthawk Chordelles mioar 3D, SI X
fellow warbler Rendraica petechia Sb K¢
American avocet Recurvirastira amecicana S R
Selitary vireo {izeg salikacius 3 B
Black-throated

gray warbler Dendralca nlgrescens £l
MacGlillivray s warbler Qparernis talmigd 51 KY
Virginita's warbler Yecmivora yicgiolae 51
Common poorwill Phalaenoptilus outrallil uD. 5l
Common yellowthroat Geothlypis trichas 5D kS
Savannah sparrow Passerculus sandwichensis 3D K
McCown's longspur Caldecacius accovwols ol £
Snowy egret Egretta thula 5D
Black tern Chlidonids nigec al X
Lewls woodpecker Melanerges lew.s 5D
Tllow-headed blackbird Zanthocepbalus <anthocupbalus u X

3=l
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]
Tabhle ). 2-1. Important Spectes Potentially Occurring On or Neac Rocky
Mountain Avsenal.  In Ovder of lwportance Within Groups -\‘Q‘j)
Accarding to USFWS and the Colorado Wildlife Workshop, 1985. Y
(Page 1 of &)
Staius Observed »
Cosmun Nawe Sclantittc Name Federal Statg on RMA
Rrant Branta barulcla G
Canada goose bragla capadensis G X
Whita-fronted goosw Anser allblirans G
Creater Snow §on- e Chan caeculesceny G X
Roas s gouss Chen rossdd *
Mallard Anas platychyochas G X
Nextuvan duck Anad dlazi G
Black duck Anks tubcipes G
Mottled duck Anas fulviguls G
Gadwall ABay 3tLgpscd G X
Northern Plntatl Abas acuta G X
Green-wlnged teal AL A8 uKgCCed G X
Blue-winged teal Anav Jdiscocy G X
Clunamon teal Alas cyaneptara G X
Amgrican wigvon Abas Jmerivana G X
Northern shoveler Alas clypeata G X
Wood duck Alx spansa G X ®
Redhead Axthya asomglicana G X
King-neckad duck AyLhya cellacls G S
Canvasba 'k dxkhya vallsinecid G S
Greatur scap axkbya mauila G
LHESer Ncau Aytbya affiuls G B
Common goldeneye Bucuphbasd clangula S X
Bartow & goldeneye fucephala tslandica c X
Buff{luhead Aucepbala albeola G A
Oldsquaw (Glengula byemallis G
Commcn elder Somatexia wolllissima G
White-winged scoter Helanitra fusca G
Sutf scoter Malapliia pecspiciliaLtg G
Black scoter Malaniila oliza S
Ruddy duck Qxxurd jamaleensis ¢ X
Amarican coot Fullca americana ¥ A
Ring-necked pheasant Phasidous coleblous ¢ X
Chukar Aleclocls chukar ¥ £
Northarn bobwhite Culloua vicglolanus ¢ A
Scaled quatl Calllgeplya sfguawata C
Mourning dove <#Daldd macLouLa G <
BELTILLLS
BilY snake Lampropeitls tclipgulun SE
AMPUIBLANS
fulllrog Rapa catrabelany aN .
Northeen leopacrd trog Buug pipieus ub )
b=
Y
X .
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"Lageod
E « Endangered
C = Candidate specles

Table 3.2-1. Important Specles Potentially Occurring On or Near Rocky
Mountain Arsenal. In Order of Importance Within Gioups
According to USFWS and the Colorado Wildlife Workshop, 1985.
(Page 4 of 4)
Status Observed
Common Name Scientific Name Federal State on RMA
EISH
Ralnbow trout Salme galrdoecd G X
Northern pike Fsax lucius G X
Carp Cyprious carpia G X
Channel cetfish Ictaluzus punckatus G X
Black bullhead lctalurzus melas G X
Largemouth bass Micraphecus salmaldas G X
GCreen sunflsh Lepowis cyanellus C X
Pumpkinseed Lapamis glhhasus G X
Northern bluegtill Lepomis maccachlicus ¢ X
Black crapple Pawoxis nigramaculatus G X
Red-ear sunfish Lepamis wiggelophys G b
Yellow perch Peroa flavescepns G £
INVERIEBBALES
Grasshopper Melanoplus sangulnipes X
Earthworm dpparecLaded spp- h¢
Aquatic Snalls Rhysella spa- X
Gyraulus paruus X
Lymnaga sgp X

o s e 8 S S ey el o s 6 e & M e e s s

S « Specles of Speclal Concern
E « Educati{onal. sclentiflic. or recreatlonal
P « Pest. nuisance., or health hazard
D « small or declining populations
I » Indlcator. ecologlcally sansitive species
N » Increasing, may negatively impact other spectles
G = Came species
H = High Federal interest

value

Sources: Falrbanks., R.L. and J. Kolmer. 976,
Colorado Divislon of Wildlife. 17281, 17820, 1¥db. 19n5
Federal Register. 1985.
Dave Thorne. |9d86a.
Morrison-Knudsen Englneers. inc 1148
Colorado List of Migratory Birds ot High Federal [ntorest.
J=1ta
® L J ¢ L) ® L ®
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o Used as game species that may be consumed by humans., or
o Serve as species of spearlal ecologic value (e.g., major prey

specles, predators, bloindicators., atc.).

Important wildlife species occurring on and near RMA were then surveyad by a
variety of standard methods and by recording incidental ohservations In
order to provide information on the occurrence, distribution, and relative
abundance of luportant vertebrate and {nvertebrate groups. More intensive
studies were used for select species of special ecological, regulatory. or
economic importance, and those considered useful as potential indicators of
contaminatlon and habitat guality. Studies included both fleld studles and
contamlnant analysis. The following sectlons provide brief methodologles of

fleld Investigations and coittaminant analyses on these select specles.

Endangered._Species

Endangered speclies received particular attentlon during Phase [l studtes.
Black-footed ferret surveys were conducted throughout the nearly 5,000 acres
of prairie dog towns during the summer of 1987 (July through September).

The Survey was conducted at the request of the USFWS and was consistent with
the guidellnes for such surveys (USFWS, 1986). Surveys were conducted from
vehicles at night using floodlights and spotlights. Survey teams were
composed of two pevple. at lz2ast one of whom had received USFWS
certification for black-footed terret surveys. Dervalled procedures are
describea Ln the Task 9 Blota Assessment Final Technical Plan (ESE. 14Y88d,

RIC#88243R0U5). No ferrets were observed during these surveys.

A bald esgle winter roost was discovered by ESE fleld personnel tn December
1986. Fleld studlies w~ere begun immediately on thls endangered specles to
determine the feeding habits. habitat use. prev. and numrber of indtviduals
using the roost These studies continued through the winter of "R -11RY 1o
obtain additional pertinent tntormation on the buald eigle s relationsnip to
RMA contaminatlon. Study components included mldday censuses. roost counts.,
casting undalvses., and teeding observations. The wugle ,tudies Jere
suppliemented with regular recording of data on other raptors observed during
Gigle midday censusey The results ot studles conducted Jduring the wioters

At L deedT and  BT-38 are summartzed in the final Bald Eaigle Study Report

3-13
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(ESE, 1988b, RICwB88174R03) and discussed in relation to RMA contamination in
Section 5.3 of this document. These investigations were supplemented by
USFWS studles. Blood samples werw collected by the USFWS from eagles during
both winters., and telemetry studles were inltlated during the win.er of
1987-1988 to obtaln data on the movements and habitat use of eagles

throughout the region.

Prairie Dog.Populatiens

Visual counts of black-talled pralrie dogs were undertaken tn summer 1987
tollowing mathods described by Fagerztone (1983)., and Fagerstone and Biggins
(1986), and presanted in detail in ESE (1988¢, RIC#88204R0l). Objectives of
the study were to estimate minimum population densities and overall
distribuzion of prairie dogs at RMA, and to determine the relatlonship of
this distribution to major sites of contamination. A subsequent study was
completed ln January 1988 (ESE. 1988c. RICwHB8204R01l) to estimate the number
of pralrie dogs avallable as prey for -aptors., including the bald eagle.
foraging on RMA. Results from these studies complemented USFWS reglonal
eagle studles and the simultaneous cnllectlon of prairte dogs for
contaminant analysls. In Section 5.3 of this report. the results nf both
summer and winter studles are used "o quantify the effects ot RMA

contamination on biota.

The January 1788 survey to determine minimum pratrie dog density on RMA had
the additlonal objective of evaluating the relative abundance ot prairie
dogs at the three maior praicie Jog towns. These jata ~ere ina.¥ced o
determine {f xnown areas of contumination a~itnhin the centra. town that
included section 36 adiacent to Basin A) had Jdepressed popusatlon luvvels
that might be related to contamination. The same Visual counting *»chniqne
<as used 45 {n summer stugiles. Hubl Sampring <as conducted gurcae a nia,
{1000 to 1300 hrs) <hen prairie dogs seemed to ke mast 1o tive Wt e
surface Atatii of [0 piots «ere observed tor ~1Nter estimates BT

locations tor ~inter and summer survevs ire i1ndicated on Figyre 3 J-0

Acetsilubusioustieraur lu0sbslagu
AChE aninition testing ~dd  onducted on the hratns of antmaes tound fead

MA ind on T e ucains ot orner weiected specivs ot SRLLN DL DL anue
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avallable. Species in intimate contact with the soil (e.g., prairie dogs)
were of particular interest. This testing was performed using the basic
procedures described in Ellman et al. (1961) as modifled by Dieter and Ludke
(1978) and Hill and Fleming (1982).

The brain tissue to be analyzed for AChE was frozen after collection, then
partially thawed and homogenized with appropriate buffers. The assay
procedures were performed in triplicate and a mean value calculated for each

sample.

AChE analyses were run on 38 black-tailed prairie dog brains collected from
four locations: offpost control (n = 8). onpast control (n = 11), Section 36
(n e 14}, and the Toxic Storage Yard (TSY) in Section 31 (n = 5). All
brains came from animals that were collected for contaminant analyses.
Sample sizes varied due to the number of bralns available for analysis (some
animals were head shot during collection) and because somn@ areas were
sampled during summer and winter because of the concern regarding

contaminant levels tn the winter prey of bald eagles.

AChE tests were also conducted on cottontail brailn tissue from three
locations; onpost control (n = 11), offpost control (n = 8), and RMA Sectlon

36 area (n = 3).

lovertebrate. Populatians

Three {nvertebrate groups were studied to evaluate potential contawmlnant
effects on thelr populations. Invertebrates ~ere selected for sampling
because of their potential tmportance in reglonal ecosystems. because some
species are known to bloaccumulate contaminants. and because they can serve
4s Indicators of contamlnation effects Earthworms were selected because of
their role as detritivores in terrestrial ecosystems and theilr int{mate
association with the soil medium. Crasshoppers were selected bec.use they
are abundant herbivores in terrestrial ecosystems and provide a prev base
for u variety of other wildlile, {ncluding American kestrels Aquatic
snails have a past histnry of contaminatlion at RMA and “er? saupled hecguse
they have high bloaccumulation potential tor organochlorine pestlicide .and

metals contumination, and beciuse ot their potential lwpoctance as a4 pathway
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of contamination through aquatic food webs (e.g.. thelr importance {n the
diet of waterfowl prior to egg-laying). Earthworms and grasshoppers were
also sampled for contaminants, but the low volume and weight of snail

samples precluded chemical analysis for this group.

Earthworm populations were sampled in the spring of 1987 by physical
excavation of known soil volumes (l-m square plots dug to a depth of
approximately 15 cm) and hand sorting to cemove worms. Sample sites were
selected in the South Plants, at an onpost control site in Sectlon 5. and
near Barr Lake offpost. Sltes were selected on the basis of similar solil
type. Other potentlal sample sites were eliminated on the basis of absence
of vegetation and soil compacticn which would limit {nterpretation of
results. Sample plot locations were randomly selected within each study
site except for the South Plants where sampling was limited to areas of

suitable substrate.

Grasshopper abundance was estimated using a standard ocular technique
(Thompscon, 1986). Ten plots of 0.1 m¢ were establlshed at 10-m intervals
along five 100-m transects located in each onpost site of contamination and
in offpost control areas at the Wellington Wildlife area and Aurora
Environmental Park. Surveys were conducted by walking along the transect
and countin, grasshoppers present (n 2ach plot. Grasshoppers for
contaminant analyses were collected from the vicinlty of populattion
transects following population surveys. Pllot studies were conducted in the

summer of 1986. followed by 1 complete field study in the summer of 1937

Snall samples were collectad in filve onpost lakes (Ladora., Lower Derbv.
Mary. North Bog, and Gun Club Pond) and two ol fpost control lakes at

Wellington Stte Wildlife Area during the summer of 1986 und again during

the summer of 1987. Snails and vegetative substrate were removed f(rom ten
0.25-m? quadrants at randomly selected locations around each body of .iter.
Snatls ware countad and weighed tor each quadrant. and vegetation cubsteate

was also weighed.
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One of the control lakes samplad in 1986 was dry in 1987. A new lake at the
Wellington Wildlife Area was sampled instead which prevented the use of a
more powerful two way ANOVA. Separate one way ANOVA analyses were
performed. using parametric and non-parametric methods., for each year, for
snail weight and for snall numbers. Details of statistical analyses are

reported ln Appendix B of this report.

Avian Reproductiva Success

Toxic chemical effects have been well documented for ducks and other birds
{nhabiting RMA. Based on both kestrel and waterfowl studies. avian
mortality continued at RMA into the early 1980°'s, although recent effects
appear to be less severe than in the past (McEwen and DeWeese., 1984,
RIC#87091R03; Adrian, 1986). The thvee bird species selected for study were
American kestrel (small raptor with limite. home range and reported to be
adversely affected by contamination on RMA {n the past)., ring-necked
pheasants (terrestrial game specles). and mallard (common waterfowl species

in the region).

The avian reproductlon success studies were a follow-up of the 1982-383
American kestrel investigations and was expanded to include nesting success
of ring-necked pheasants and mallards. Study of brain acetylcholinesterase
activity was also added in 1986. Collection of eggs and birds for
determination of organochlorine concentrations was centinued. The ma jor
objectives of the study were:
0 To determine organochlorine concentcations in and nesting success
of American kestrels and to compare current findings with the 1982
and 1983 results and with data on concurrent controls as an
fndication of trends in terrestrial contamination at RMA.
o To measure concentrations of xenobliotic chemicals in eggs and
young of mallards and pheasants and examine the relationship to
their reproductive success. Methods and study area locatlons are

discussed iln detail in the Final Biota Assessment Technical Plan
(ESE. 1988).

The design of the kestrel study {nvolved placing about «5 nest boxes to

Jttract kestrels {n each of three areas:
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Within the confines of RMA (Figure 3.2-3):
A near-zone outside RMA houndaries but within 10 miles
(Fitgure 3.2-4); and

o A control group in northeastern Colorado » 40 miles away

(Figure 3.2-4).

One «¢gg was collecied for chemical analysis from each active nest box
(Figure 3.2-5) in the three areas each year and the remalning eggs were left
for observations on hatching success and production of young. A
representative sample of young kestrels was also collected for chemical
analysis prior to fledgling (one per nest from some of the nests in each

area). Offpost control sites for kestrels were located north of RMA.

Ring-necked pheasant brood counts were conducted in both control and RMA

areas from August 7 through 28, 1986 {(Flgures 3.2-6a and 3.2-6b). Each of
four routes per area was counted six times during this period. Routes were
each 6 miles in length and took from 25 to 42 minutes to traverse. During

the census runs., age and sex of birds observed were determined Lf possible.

In 1984, a limited survey of waterfowl nesting success at RMA was conducted
by USFWS (McEwen and DewWeese. 1985). Fewer nests and broods of young were
found than were expected in the habitat available. A total of 36 eggs were
collected for chemical analysis from 10 nests of three species -- mallard.
Canada goose. and American coot. Twenty-one young birds of these same
species plus redheads were also collected for analysis. Funding
restrictions permitted organochlorine analysis of only 16 of the eggs and

breast muscle from 12 of the young.

Waterfowl were observed on six RMA iakes and six control luakes in north-
eastern Larimer County during the period August 7 to 28. 1986 (Fligures
3.2-7a and }.2-7b). Total watertow! of fonr groups. dabbling ducks. diving
ducks. American coots. and Canada geese were counted. TYoung of the year

could not be identified in all cases.

Mallard and pheasant nests were sought in all suttable habitat including the

Lower Lakes. Cun Club Pond. and North 8og (Figure 3.2-8). The number of
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egis in the clutch was reacorded and cne egg was collected from each nest for
contaminant analysis. Egg weight, volume, dimensions, shell thickness. and
state of development wera recorded for each egg collected. The nest was
later rechecked to deteruine the fate of remaining eggs. Regular systematic
mallard and pheasant brood surveys were conducted from June through July
1986 to determine brood size and successful fledging. One bird from each
brood was collectad from each successful nest for necropsy and cheaical

analysis.

3.2.2.) (Contamlnant Apalysis

The objectives of this study were to determine the concentrations and type
of RMA contaminants in the tissues of key species of biota at RMA and at
offpost control sites. Results of these analyses provided an inventory of
contaminant levels in various bioclogical componsnts at RMA and distribution
of contamination in lmportant species and along major pathways throughout
regional ecosystems. This informstion was used in evaluating possible
contaminant effects (e.g., avian reproductive success., prairie dog
population densities, raptor mortalities. and potential hazards to humans
and endangered species) through the consumption of Arsenal contaminated
biota. Species, tissues, and contaminants selected for study and the
methods of analysis were discussed in detail in the BAWC meetings. Analyses
of samples from onpost nonsource and of fpost areas provided data to assess
local (RMA) and reglonal background contamination levels. to compare levalis
of contamination in blota from contaminated sites with regional background
levels, and to determine the extent of contamination in biota throughout
RMA.

Blological tissue samples of selected species were collected for analysis
from known sites of contamination on RMA, from nonsource areas onpost (for
sedentary specles). and frcm offpost control .reas. Key spectes for
analysis were selected basud on the following criteria:
o Are listed as federally threatened or endangered. or considered
as a candidate species by the USFWS:
c Are considered important components of reglonal ecosystems (e.g..
abundant prey four other important species):

o Contribute to representation of the range of trophic levels:
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o Are sconomically taportant (e.g., game and pest specles): and
o Represent a higher trophic level in food chains/webs in reglonal

ecosystens.

The sasples collected on RMA by the USFWS and made available for this study
were evaluated to select those specles that would provide additional
information without duplication of samples being collected under the
prescribed design. Tlssues selected for analysis for each species were
based on the probable fate of the organism within a food web or because of
{ts particular status. Thus, for prairie dogs and other typical prey
specias the carcass, as consumed by higher predators, was analyzed. The
head, fest, fur and gastrointestinal tract (stomach and intestines) were
removed from such carcasses. Special care was taken to retain all body fat
with the carcass. In animals such as cottontatls that would also be
consumed by humans (who eat primarily muscle), muscle tissue only was
anzlyzed. Samples for chemical analysis frowm two other sources, animals
found dead on RMA and samples collected by USFWS. The collection and
preservation of animals found dead on RMA., particularly species that
occurred at higher trophic levels and could not be ctherwise collected
without potentially adverse effects to their populations (e.g.. raptors such
as hawks, owls, and eagles), was an [(mportant portion of the contaminant

analysis program.

Additlonal prairie dog samples were collected by Shell/MKE for tlssue
analysis. Prairie dogs were collected on RMA from sites near contamination
(Section 26 and 36) and from areas removed from major sites of contamination
(Sections 30, 27, and 9}. Prairie dogs were also collected at Buckley ANG
as an offsite comparison. All prairie dogs were collected in September and
October 1986 and were maintained in ultracold storage (-30°C) until the time
of sample prepasration immediately prior to analysis. Analyses were
performed to USATHAMA certifications. Analytes were arsenic. mercury.

aldrin. dieldrin. endrin., DDBT, and DDE.

At the time of collection. each pralrie dog was separated into three
subsamples: skin and fur, skeletal muscle (meat), and viscera (liver.

lungs, heart. and kidneys). At the time of analysis. the meat und viscera

-3
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subsamples were combined for each prairis dog. This wasg done 30 that the
results would reflect contaminant concentrations in the tissues

preferentially consuaed by predators, especially birds of prey.

Compounds sslected as contaminauts of concern to biota met the following
criteria:
o Present in the RMA environment above ambient concentrations:
o Rated at least moderately toxic: and
o Volume and persistence information indicate that the chemical was
present i* the environment in sufficient quantity and/or for a

long enough pericd of time to pose & hazard to biota.

Thirty-nine contaminants were selected for evaluation based on this apprcach
(ESE, 1988d, RICw#88243R05). Toxicity assessments were prepared for all 39
contaminants of concern to biota (Section 5.1). These + sessments summarize
pertinent information on the nature and extent of existing or potential
hazard to wildlife.

From the list of 39 contaminants of concern., seven were identified as major
contaminants of concern based on the following criteria:

o Found in elevated levels in biota based on past studles:

o Found in the physical environment for biota at RMA (soil, surface

water, ground water at depths of less than 20 ft) based on current

studles:

o Occurred in high volumes and/or with an areal extent of »5 acres:
and

o Occurrence/concentration in tissues could be related to any known

adverse effects.
The seven major contaminants of concern (aldrin, arsenic. DBCP., dieldrin.

isodrin, and mercury) were selected for detailed pathways analystis.

Contaminants to be analyzed in biota tissue (target analytes) wers selected
from the list of major contaminants of concern. DDE and DDT. thougl not

ma jor contaminants of concern, were included as target analytes because of
their environmental persistence and toxicity even though they did not meet

the criteria of areal extent (>5 acres) ln the biosphere based on the data
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avatlable from Phase I water and solls studles. Two ma jor contaminants of
concern were not chosen as target analytes. DBCP., although toxic, does not
biocaccumulate significantly, while isodrin, an analog of endrin, is

converted to endrin by metabolic processes. The seven target analytes then

are aldrin, arsenic. DDE. DDT. dleldrin, endrin, and mercury.

The methods for chemical analyses of selected tissues from key spacles for
organochlorine pesticides (aldrin, dieldrin, DDE., DDT, and endrin) and
3etals (arsenic and mercury) were certified under the 1985 USATHAMA QA Plan.
Additional inforwation on chemical storage. processing, documentation, and
analysis i3 provided in Section 4.0 of the Phase II Task 9 Biota Assessment
Final Technical Plan (ESE. 1988d, RIC#88243R05). Table 3.2-2 lists the
species, tissues: and chemicals selected for analysis. Detatled lists of
biota and sample locations are provided in the Technical Plan and discussed

further in Sections 4.0 and 5.0.

3.2.2.4 Coptaminant Pathways_and_Acceptable Critecia_Developoent

Food webs involving key species of concern (e.g.. endangered specles,
economically important species, species representative of specific trophic
levels, species at higher trophic levels. and Lmportant prey species; were
developed for terrestrial and aquatic ecosystems at RMA. These webs were
developed on the basis of focd habits information from the literature, from
gut content analysis for animals sampled at RMA, and from observations at
RMA.

Toxicity assessments were prepared for all contaminants of potential concern
to biota (Section 5.1). Thuse assessments summarize pertinent information
on the nature and extent of existing or potential hazard to wildllfe. These
data will be Lncorporated with information on the concentration and
distribution of these contaminants in physical media, currently being
developed under other environmental assessment tasks., in the onpost .and
offpost endangerment assessmant tasks to provide a quantitative evaluation

of RMA contaminant hazards to biota for each of the defined study areas.

The chemicals tdentified as major contaminants of concern based on their

presence in the biosphere (aldrin/dleldrin, arsenic. DBCP. endrin/isodrin.
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Table 3.2-2. Species and Contaminants for Tissue Analysis (page 1 of 2)

Estinated Number of

Samples _Aoalyzad for
Species/Group Locations* As Hg CCPs* DDE/DDT Tissues
Black-tailed RMA, Sec. 36 (sum) 8 8 8 carcass
Prairie Dog Control (on, sum) 8 8 8 "
Control (off, sum) 8 8 8 ”
RMA, Sec. 36 (win) 5 5 ) -
Tox. Yard (win) 5 5 S "
Control (on, win) ] S S "
Desert RMA, Sec. 36 8 8 8 muscle
Cottontatil Control (on) 3 8 8 -
Control (off) 8 8 8
Mule Deer RMA 9 9 9 muscle
Control (off) k] 3 3 "
RMA 9 9 9 liver
Conirol (off) 3 3 3 "
Mallard RMA 8 8 8 egg
RMA 8 8 8 fledgling
RMA 8 8 8 ad. carcass
Control (off) 3 8 8 egg
Control (off) 3 3 8 fledgling
Control (off) 3 3 8 ad. carcass
Ring-necked RMA 8 8 8 8 egg
Pheasant RMA 8 3 8 8 juv. carcass
RMA 8 8 8 8 ad. carcass
Control (oft) 8 8 3 8 egg
Control (off) 8 8 8 8 juv. carcass
Control (off) 8 3 8 8 ad. carcass
American Kestrel RMA 10 10 10 egg
RMA 10 10 10 fledgling
Control (off) 10 10 10 egg
Control (off) 10 10 10 fledgling
Earthworms RMA, South Plants 3 3 3 3 composite
RMA. control 3 3 k) 3 ”
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Table 3.2-2 Species and Contaminants for Tissue Analysis (continued,
Page 2 of 2)

Estimated Number of

. Samples Analyzed for
Specles/group Locations® As Hg OCPs¥* DDE/DDT Tissues

Grasshoppers RMA, Sec. 36
RMA, Sec. 26
RMA, control
Control (off)

composite

W W W
W W
W ww
wis W W

Aquatic RMA Lakes
Macrophytes Control (off)

w

whole plan<

w
w»uwn

Common Sunflowver RMA, Secs. 26 & 36 8 8 8 8 leaves. flowers
Control (on) 2 N "

Morning Glory RMA, Sec. 36 4
Control (on) 2 2 2 2

£
&
&

whole plant

Samples of Chance RMA & offpost 50 30 80 50 liver and brain

USFWS samples RMA & offpost 40 40 40 40 see text.
Jectlon 5.1

« OCP = the organochlorine pesticides (aldrin. dieldrin, and endrin).

+ SUB e Summer
win =« winter
on = onpost
off « offpost

Source: ESE. 1988
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and mercury) were selected for detailed pathway analysis. The pathway
approach was used to develop criteria levels {n soil, water, and sediment
for the protection of regional biota and to evaluate existing levels to
determine the nature and extent of contaminant hazards to biots. Pathway
Analyses for major contaminants of concern to biota are prasented in

Section 5.2 of this document. .

Pathway Analyses involved a multiple food chs .r approach to address the
possible bioaccumulation of major contaminants within food webs. The medel
incorporated information from published sources, regional contacts, and site
specific data. Separate food webs were developed for terrestrial and

aquatic systems.

The Pathway Analysis uses the lowest tissue concentrationg that are
correlated with adverse effects, and establishes acceptable ("no effects”)
criteria in water, sediment, and soil. The water ingestion pathway uses
either a No Observed Effects Level (NOEL) or Lowest Observed Adverse Effects
Level (LOAEL) for each contaminant, adjusted with daily water intake to
yield an acceptable concentration in water. The lowest concentration
provided by these two levels is used as the accepted no effects
concentration in water. The no effects criteria for sediment were based on
those for water. No effects levels for soils ware also based on the NOEL
and LOAEL adjusted as appropriate by a biomagnification factor. Details of

the application of this approach are provided {n Sectiom 5.2.

The acceptable (no effects) levels are used !n this document to evaluate
potential adverse effects on biota as is appropriate for the biota segment
of the RMA Remedial Investigation. This approach will be integrated with
the endangerment assessment process and will lead to the development of

potential cleanup criteria for biota.

3.2.2.5 Geperal_Methodology-for_Pathway Analysis

The pathway approach uses a biodccumulation model flrst proposed by Thomaun
(1981) and modified to include multiple food chains in a food web. The
model lncorporates estimates of exposure by varlous organisms to

contaminants {n the physical environment and the potential for
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bioconcentration (concentration from direct exposure to water in an aquatic
environment), bioaccumulation (concentration from water and from diet), and
blomagnification (systematic increase in concentration as contaminants move

through food chains to higher trophic levels).

Development of the models for particular sites proceeds in several steps. A
food web is first constructed independently for each known or potentially
contaminated site/ecosystem, based on all available information and using
site specific data to the extent possible. Next., key species are identified
on the basis of their status as threatened or endangered., economic. or
commercial importance (e.g.., game species), or because they are critical to
the structure and function of the ecosystem (e.g., an important prey
species). Sink food webs (food webs that include all food chains leading to
a particular species) are then constructed. Wherever possible, all species
at one trophic level are combined into the sink web of the specles on the

next higher trophtc level.

Cleanup criteria for sediments and water ire derived by tracing the
biomagnification of contaminant residues with health effects data for
organisms at the top of the food web. back through {ntermediate trophic
levels to the ablotic environment. For purposes of the model analyses. all
organisms are assumed to be In equilibrium with their environment

(Figure 3.2-9).

The model (Thomann, 1581) is structured such that each level is a step (n a

food chain:

Level »1 BCF) = Cy/Cy (n

Level #2 BAF; = BCF; + fBCF, (2)

Level »3 BAFy « BCFy + f3BCF; « {3f7BCF) (3

Level »4 BAF, « BCF, + {,BCFy » f,f3BCFy + {,f302BCF, (4)
where: BCF{ = bloconcentration by level i

BAF; =« bloaccumulation by level |

Cyp = concentration of contaminant Ln biota
Cw = concentration of contaminant in water
{{ = food term
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EXPLANATION

i BAF, Blosccumuiation By Level i
BCF, Bioconcentration By Level i

Concantration Of Contaminant In Sediment
Concentration Of Contaminant In Water
Food Term Level i

Soli-Water Partition Coetticient

Soil-Water Bartition Coefticient
Normalized For Organic Carbon

Figure 3.2-9

BIOACCUMULATION MOUDEL INDICATING CONTAMINANT
CONCENTRATION AS A FUNCTION OF ACCUMULATION
FROM WATER AND NET UPTAKE BY THE NEXT LOWER
TROPHIC LEVEL

SOURCE: ESE. 984

Prepared for:
U.S. Army Program Manager's Otfice
For Rocky Moauntain Arsenal

Atyerdeen Proving Ground, Maryland
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The food terw ([{) is dependent on the trophic level in questicn, and has
been adapted {roa Thomann (1981) to describe bioaccumulation in an entlire
tood web by using a nercentage cosfficlent to adjust for wultiple foad

chains. The f( L& calculated by the following aquacion:

ff « g8 R.x.Y (3)
k3
whare! ¢ o Assimilation efficiency, ug.conlaminant.abaorbad

ug contaminant ingested
R e« Total daily diet. intake (g)/body weight (g)/day
k3 « Depuration or loss rate., uay~l

N o Pgrcent of (i-1) {tem in dlet

For sany contaminants. data are unavallable for parameters such as loss
rates or asgimilation efficiencies for each species in the Pathway Analysis.
In thesw cases. judgewent must be used to select the bent data avatlable
fcom which to derive the parameters, and assumptions must be made that the

parammters are applicable to all specles In the analysis.

An example of a Pathvay Analysis is based on the bald eagle sink food web
(portion of the comprehensive ecosystem food web leadlng to a target
specias) and includes all ma jor aquatic food chains leading to this selected
sink speclies (Cohun. 1978). In such a Pathway Analysis. speciesg in trophic
levels below the target organise are selected by reviewing published
information and by onsite observations on its food habits. The BCF values
used can come from general published !lterature: however. previously
collected and documented onsite water and tissuw samples can be used when

svallable to reglonally calibrate the model.

As shown by the ba.d exgle example. a2 food web is simplified (nto {ts major
food chalns (pathways). o . g.:

Pathway 1: HyC<rAquatic Plants->Mallard->Eagle

Pacthway 2: Hy0->Aquatic Invertebrates~>Mallard-s>Eagle

Pathvay 3: H30-)Plankton and Algae->Siueglill->Pike~->Eagle

Pathvay «: H20-)Aquatic Invertebrates->Bluegill->Pike->Eagle

Pathvay 3: Soll-,Plants-)>Small Mammals->Eagle

3-39

&

@




e

-

C~-RMA-09D/BIORI.30.40
03/02/89

Pathways can be made more specific as food habit or toxicological data

parmit.

The percent of each item in the diet of the higher level organisms
determines the lmportance of the pathway in contributing to residue
accumulation. The dietary groups can be segregated further as data permits

(e.-§.+ Invertebrates could be separated by faaily).

The lowest step in the food chain is assumed to be in equilibrium with the
aquatic environment., which gives equation (1):
BCF » Cy/Cy, )

where: Cj, = concentratlun of contaminant In biota

Cw = concentr !on of contaminant in water

Organisms at this level are asrumed to be autotrophic. such that residue
accumulation can only result from uptake from water. The model was found to
be more useful: however. if small aquatlic organisms with varied fueding
hablts were included at Level «] with the assumption that uptake from water
(or surface adsorption) would outweigh uptake from dfet to the point that
uptake from diet was Insignificant. Level ! organisms usually consist of

plankton, aquatic plants, and various aquatic lnvertebrates.

At Level »2 and higher. the food term must be calculated. Assimilation
efficiencies and loss rates can e..her be found in the availlable literature.
or estimated from available regression equations. They are rarely spectes
specific, and assumptions must be made regarding interspecific simtlacity in
contaminant upcake or loss. The total daily diet term for many wildlife

species can be obtained or e timated from avatleble food habits literature

When bioaccumulatlon factors are summed for «ich pathway. restdue
accumulation through ail the food chatns combined can be calculated far the
target organism. Bioaccumulation factors dare additive because

bioaccumulation in each pathway represents residues from 3 fraction ot the

J-uO

»




C-RMA-0SD/BIORI. 0.4l
05/02/89

diet of the higher level organisas. The total cesidue accumulation from the
food web (sum of the bloaccumulation factors) to the target organise is
termed the Total Biomagnification Factor (Total BMF).

A Maximum Allowable Tissue Concentration (MATC) 1s based on available data
{indicating the lowest tissue concentration correlating with adverss effects.
While the MATC is often unavailable for the target organism., especially when
the target organism 13 an endangered species. a MATC can be extrapolated
from data for slmilar wildlife species for chemicals for which a large
database exists. For chemicals for which little information is available.
the MATC must be extrapolated from health effects data on laboratory
animals. When the MATC is divided by the Total BMF, a water concentration
is derived that corresponds with the MATC in the target organism after
transfer of water-borre contaminants through a food web (Tucker. 1986):

--HAIC-..- - Cw (6)
Total BMF

Total restidue accumulation for the target organism can be ultimataly traced
back through water to the sediment. because contaminants are assumed to
enter the water compartment from sediment before being taken up by the
blological compartment: {.e..

Cy = __Csed__ (7
Koc * foc
Rearranging gives equation (8):

Csed = Cy x Ky x fo 8)

where: C(sed » concentration of contaminant in sediment

Koo = soll-water par 'tion coefficlent normalized
for organic cJg-oon

foc + fraction of organic carbon

For chemicals where environmental fate is not dependent on organic carbon

content. K4 is used in place of Ky, and f,..

Once a generalized food web has been developed for a particular specles at o
speciflc site it can be used to estimate cleanup criteria for & varfety of

J-al
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contaminants. However, information on BCF, BMF, and BAF must be developed
separately for esch chemical in order to derive the appropriate values.
Documentation for values used in actual criteria development is provided in

the taxt for each Pathway Analysis.

The Pathway Anslysis is a theoretical calculation involving msay input
parameters., each of which is known imprecisely. The combined effect that
the uncertainty in each of these parameters may have on the final estimate
of BMF has been evaliuated through a statistical procedure known as Latin

hypercube sampling.

The Latin hypercube sampling technique is a computationally efficient
approximation of a Monte Carlo analysis. Monte Carlo is a procedure that
determines the uncertainty in a calculated result (output) when the true
values of the parameters used in the calculation (input) are uncertain. For

example., consider the following formula:

z «ax? . by +« ¢
where Zz = output. and

a,b,c.x, and y = inputs.

Assume that a, b, and ¢ are known precisely. but x and y are known
imprecisely. If the probability density functions (uncertainty
distribations) of x and y are specified, a Monte Carlo procedure can
determine the probability density function of z. Monte Carlo operates.by
randoaly selecting one possible value of x from Lts uncertainty
distribution. a value of y from its uncertainty distribution. and then
calculating z. By a random process, second possible values of x and y are
selected and a2 second value of z {s calculated and so on. A histogram of z
values defines the uncertainties tn the result. Monte Carlo is Lnefficlent
because it can require severai thousand calculations. Latin hypercube
sampling is a computatlionally efflclent alternative that approximates the
result of a Monte Carlo analysis but requires fewer (¢.g.. l00) trials to
approximate the rasultant distribution of z. The Latin hypercube sampling
technique was developed by McKay et al. (1979) and has been used by Jaffe

and Ferrara (1984) and Strayer and Paviou (1987) for similar environmental
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applications. In this analysis. the sediment and water critaria are the
outputs and the food chaln-speciflc and chemical-specific lnput parameters
are the inputs. A nenproprietary computer code compatible with an
International Business Machines (IBM) personal computar (PC) was developed
for this application following the procedures described by McKay et al.
(1979) and Jaffe and Ferrara {1984).

The probability distributions of all site-specific and chemical-speciflc
{nputs are presented in the uncertainty analysis section for each
contaminant. The input distributions axre based on the information and data
sources presented in the Pathway Analysis and statistical texts such as
Gumbel (1958) and Barford (1967). The uncertainties in estimated chemical-
specific parameters were defined based primarily on information presented by
Lyman gt al. (1982) as well as the original publications that present the

regression analyses used for estimation.

3.3 SUPPLEMENTAL. SIURIES

3.3.1 VEGETATION )

Extensive studlies of vegetation were implemented by MKE to develop
descriptions of vegetation sites on RMA and at offpost control sites. These
studies were supplemented by ESE investigations of additional sites. Field
sampling techniques were identical, and investigators from ESE and MKE
worked together to ensure that data would be collected in a cosmparable

manner .

Vegetatlon studies at RMA included both quantitative and quallitative
metitods. Standard quantitative methods were employed for data collection
regarding cover, height., frequency. and woody plant density. Qualitative
methods included floristic surveys. phenological studies. and an evaluation
of successional s-atus. A detailed vegetation map of RMA was also prepared.
Data were also collected at two offpost areas: Buckley Air Naitonal Cuard
(ANG) and the Plains Conservation Center. Methods are briefly described
below. Detalled methods descriptions are provided In MKE's Flnal Vegetation
Studies Technical Plan (MKE. 1986) and the Task 9 Blota Assessment Final
Technical Plan (ESE. 1988d, RIC#88243R05).
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A preliminary vegetation map was developed prior to inittation of
quantitative studies, and was the basis for selecting vegstation sampling
locaiions. Maps were prepared using a combination of asertal photographs and
ground veriflcation.

The sampling design for quantitative studies required 50 sample locations in
each of the five ma jor vegetation types (native perannial grass, crested
wheatgrass., wesedy forb, cheatgrass/native grass, and cheatgrass/wesedy forbd).
For minor vegetation types on RMA, ten locations were szampled for each type.
In addition to describing onpost vegetation and comparing it with offpost
vegetation, the vegetation studies sought to determine Lf plant comsunities
nesr the most contaminated sites on RMA differed from comparable communities
growing in other portions of RMA. A similar sampling Jdesign was used based
on 24 sampling sitas distributed among three vegetation types in Section 36
(near Basin A) and six sites located among the same three vegetaticn types
In Section 26 (near Basin F). A similar sampling design was followed at
control sites located on Buckley ANG and at the Plains Conservation Center.
This included two major and two minor vegetation types at Buckley ANG and

two ma jor and one minor type at the Plains Conservation Center.

Cover data were collected using 50-m point transects. and data were recorded
by species. Two 50-m transects were sampled at each of the 50 sample
locations in each major plant community and along one 50-w transect in each
of the 10 sample locations in each minor community. Data computed for each
sampling location included mean cover. relative cover (percent of total
vegetation cover), frequency (number of transects of occurrence divided by
total number of transects), and relative frequency (percent of total number
of transects of occurrence by all species). Relative cover and relative
frequency were summed to obtain an importance value for each species.
Height data were collected for the most prominent specles at each site by
measuring Individual plants at 10-m intervals along the 50-m transect.
Density data for shrubs, subshrubs. yucca, and cact{ wvere obtatned by
counting the number of individuals occurring within L m of the 50-m

transects.
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To the extent poasitle, voucher spcétuona were collected in triplicate.
Observaticns on phenology (1.s., progression of plant development during the
growing sssson) wers recorded at 10- to 15~ day i{ntervals at all three study
locations. Assessments were made regarding stages of vegatative growth,

flowering, fruiting, dissemination., senescence, and tegrowth.

Successional status was evaluated by reviewing aerial photographs taken Iln
1937, 1943, 1951, and 1974, and comparing them with vegetation patterns
observed in 1986. Existing vegetation was also compared to published models

for successional development in the Great Plains region.

The following subsections briefly describe the major and minor vegetation
types at RMA, and what {« known about their ecological or historical
relationships. Summaries of quantitative information for cover, production.
and woody plant density are presented in Table 3.3-1. All vegetation types

described in the following sections are presented in Flgure 2.3-2.

Weedy Earbhs

The weedy forb community covered approximately 900 ha, or about 13 percent
(x) of the total area of RMA. Although widespread. weedy forbs were most
consplcuous in the northern portions of the RMA. The domina:t weedy forb
species at RMA were summer-cypress (Fochla) and morning glory (fleld
bindweed}, which accounted for 32.3 and l4.5%, respectively, of the total
vegetation Ln the weedy forb community. In general. Kochia tended to
dominste in sites without prairle dogs. whereas morning glory was more
prevalent in prairie dog towns. Other common species in the weedy forb
comuunity i{ncluded cheatgrass, scarlet glotemallow, and prickly lettuce.
Together, these three species provided 15% of the plant cover in the weedy
forb type. Of the five major specles, only scarlet globemallow is a native
prairie species. Total vegetation cover in the weedy forb type was 29.6%,
with 21.8% bare soil and 48.6% litter. Total production averaged 121 grams

per square meter (g/uz)-

Species with the ygreatest average heights along the transects tended to be
tall gaura and annual sunflower. However. tumble mustard. tansy mustard.

and prickley lettuce were the mcore common tall species. All of these are
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3.3-.1. Summary of Quantitative Vegetation Data for
Mountain Arsenal, 1986

\

C-RMA-Q9D/BIORIVTE.331.1

04/12/89

Ma jor Vegetation Types., Rocky

Woody3

Plantl Plant

Cover Production? Density Number® Number?
Type (%) (a/nz) (no./ha) of Species of Samples
Weedy Forb 29.6 121.0 334 111 53
Cheatgrass/ 45.8  140.3 249 126 79
Weedy Forb
Cheatgrass/ 40.3 104.2 165 115 56
Perennial Grass
Native Perennial 3.5 96.7 603 133 73
Grass
Crested Wheatgrass 28.5 99.7 126 101 50
1 All herbaceous lifeforms combined.
2 All herbaceous lifeforms combined: current year's above-ground growth.
3 Includes shrubs., subshrubs., and succulents.
“ Observed within the sampled stands.
5

Randomly selected.
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coarse and difficult for prairie dogs to graze. The effect of grazing by
prairie dogs is (llustrated by Kochia, which had mean haights ranging from
less than 10 centimeters (cm) in prairie dog towns to as much as 75 cm in
other aress. Woody plants were a minor component in this vagetation
comsunity. Mean cover by all woody plants was less than 1%, and mean
density of woody plants was only 334 per ha. Bushy eriogonum. a subshrub.

was the wost common woody species.

The weedy forb type is an early successional stage community that occurs as
a result of savere disturbance. The limited perennial grass component
present in ths weedy forb community after nearly 50 years of succession in
some parts of RMA (a.g., abandoned cultivated lands) suggests that the

successional process is procseding slowly or being periodically interrupted.

Cheatgrass/Wesdy Foubs

The cheatgrass/weedy forb community was the most extensive vegetation type
at RMA covering approximately 1,550 ha or about 22% of the area. As the
nage of the type suggests, the overwhelmingly dominant species was
cheatgrass, an introduced weedy annual, that accounted for 63.8% of the
vegetation cover. Secondary dominants were weedy forb species. including
morning glory, bristle thistle., and prickly lettuce. These four species
accounted for 81% of the total cover by vegetation in the cheatgrass/weedy
forb type. Perennial grasses provided only 6.4% of the vegetation cover
within the cheatgrass/weedy forb community. Mean total vegetation cover in
the cheatgrass/weedy forb type was 45.8%, and cover by bare soil was only
4.9%. The remainder of the ground surface was covered by cheatgrass litter
(L.e.. remnants of the previous years growth). The dominance by cheatgrass
can also be scen in the production data. Mean production of cheatgrass was
70.2 g/m2 or 50.8% of the total (140.3 g/m?). Shrubs were rarely
encountered {n this assoctation. Mean shrub density was only 249/ha. with

bushy eriogonum contributing 72% of the total shrub cover.

As vith weedy forbs, cheatgrass/weedy forb communities have resulted from
past disturbance. Once cheatgrass becomes established, it 1s a highly
aggressive competitor and can delay or potentially even preclude succession

to more desirable praicie communities.
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Cheasrgrass/Perennial Grasslands

Cheatgrass/perennia} grassland communities occurred throughout RMA, but not
as commonly as the cheatgrass/weedy forb type. Cheatgrass/perennial grass
covered 780 ha., or 11X of RMA. The two types were similar in th&t
cheatgrass dominated both, although cheatgrass comprised only 57.5% of the
total vegetation cover in cheatgrass/perennial grassland. Three perennial
grasses (sand dropseed. red three-awn. and neadle-and-thread) occurred as
secondary dominants, and total perennial grasses accounted for 28.0% of the
plant cover in the cheatgrass/perennial grassland comsunity, compared to
only 6.4% of total vaegetation cover in the cheatgrass/veedy forb type.
Morning glory was also an {mportant component, aithough forbs accounted for
only 14.2% of the vegetation cover. Total vegetation cover in this type was
40.3%, slightly less than the amount in the cheatgrass/weedy forb areas.
Bare soll was only 3.9% and litter accounted for 55.8% of the cover. Most

of the litter consisted of the previous years growth of cheatgrass.

He.ghts of plants growirg in the cheatgrass/perennial grass communities were
comparable to those measured for the cheatgrass/weedy forb type. Mean
height for cheatgrass was 27 cm. compared with 3i cm in the cheatgrass/weedy
forb type. Few shrubs occurred in this type: mean total shrub density was
165/ha. The most common woody plant was bushy eriogonum, but two

succulents--plains prickly pear and yucca--were about as abundant.

Cheatgrass had a mean production of 42.9 g/n2. compared to 32.5% for
perennial grasses. Total production was 104.2 3/u2- This value is lower
than for the two previous types, due in large part to lesser amounts of tall

weedy forbs-

Native Pesceanial _Grassland )

Native perennial grassland was scattered over RMA in patches generally
smaller than for the three preceding communities. However. natlve perenniat
grassland covered 1.400 ha or 20% of RMA. The largest area of native
grasses s near the west-central portion of RMA. Dominant species In the
native grasslands included praicrie grasses such as blue grams, sand

dropseed, needle-and-thread., western wheatgrass, and red three-awn. Native
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perennial grasses combined provided 57.5% of the total vegetation cover,
although cheatgrass was the single most prevalent species in the native
perennial grassland type. In contrast to the early successional types.
forbs (both annual and perennial) were a minor element in this community.
All forbs together accounted for only 19.8% of the total cover., which is
characteristic of native grasslands. Masan total vegetatlon cover was 34.5%,

and cover by bare soll was 8.6x.

Mean heights of the dominant grass specles ranged from 15 to 45 cm. Tall
forbs occurred in this type, but less so than in the early successional
types. Shrubs vere somewhat more common In thls type. Mean density of
woody plants and cactus was 603/ha: bushy eriogonum and plains prickly pear

accounted for 82.3% of this total density.

Some areas of cheatgrass/perennial grasslands probably represent a mid-
successional stage of development, resulting when perennial grass species
(especlally sand dropseed) are able to invade stands of cheatgrass. This
could happen in areas that have remained undisturbed for sufficient periods.
or where soll conditions are favorable. The fact that cheatgrass accounts
for less cover and production In cheatgrass/perennial grassland than in
cheatgrass/weedy forb areas probably Lls uue in part to competition from
perennial grasses. Other areas of cheatgrass/perennial grassland apparently
represent degraded native ranges that have been Invaded by cheatgrass. This
{s indicated where the perannial grasses are late-successional specles such

as blue grama or needle-and-thread.

Whereas cheatgrass had the greatest individual cover., several native grass
species had higher production values. Perennial grasses accounted for 60.9%
of the total production (96.7 g/nz)- Perenntal forbs accounted for 15.1% of

the total, and annual forbs accounted for 10.0x.

Most stands of native grassland on KMA probably are ramnants of original.
presettlement prairie. They may have beaen considered poor sites for
agriculture and: thus, never tilled. or they may have been left uncultivated
tn order to support grazing. A few stands of native perennlal grasslond on

RMA appeared to represent succession following disturbance. Such areas were
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dominated by red three-awn and tend to have relatively low specles
diversity.

Crashed Hheatgrass

Stands of crested vheatgrass occurred throughout RMA and were nearly as
extensive &3 native perennial grasslands, covering 1,330 ha or 19% of RMA.
Crasted wheatgrass was highly dominant in this type, contribuiing 71.3% of
the total vegetation cover. Other conspicucus species included cheatgrass.,
sand dropseed, and fleld bindwesd. Mean vegetation cover was 28.5%, and
cover by bare soil was 4.7%. Litter consisting of the previous years growth
of crested wheatgrass comprised 76.8% of totsl ground cover in the crested
wheatgrass community. Mean height for crested wheatgrass was 42 cm.
Because of the strong dominance by this species. the stands tended to be
very homogeneous in height. Mean production of crested wheatgrass was 82.6
g/nz out of a total of 99.7 g/nz- The remainder of the production was

distributed among 27 species.

Woody plants and succulents occurred to a very limited extent. Mean density
of woody plants and succulents was only 126/ha. mostly contributed by yucca
and two species of prickly pear.

Crested wheatgrass is an introduced species that has been widely used for
soll stabilization since the 1930's. [t appears that some of the cresced
wheatgrass was established prior to the time the property was obtained by
the Army, while other stands have been seeded since that time. Crested
wheatgrass communities are relatively stable for a time, but they eventually
become senescent and are invaded by other species. It is likely that over a
long period (e.g., greater than 100 years), the stands of crested wheatgrass
at RMA will deteriorate and be graduvally replaced by native species.

Several nstive species prasently occur within these stands. but in small

numbers.

Sand_Sagsbrush Shrublaod
Sand sagebrush shrubland nccurred on sandy upland sites in the southern and
southeastern portions of RMA. It was limited in areal extent, covering 100

ha or only 1.5% of RMA. The most conspicuous specles in this community type
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4 was the sand sagebrush, which totaled 39.5% of the vegetation cover In sand
sagebrush shrubland. Dominant herbaceous specles included cheatgrass and

needle-and-thread, which together contributed another 41.7% relative cover.

grasslands or cheatgrass/perennial grasslands, except for the presence of a
sagebrush stratum. However, the deeper sands typical of sand sagebrush
communities also supported scattered occurcences of pralrie sandreed. sand
bluestem, and Indilan ricegrass. These are native grasses characteristic of

sandy areas on the plains.

I In many ways., sand sagebrush shrublands were similar to native perennial

' Forbs provided only 1.5% relative cover in this community type, and cover by
bare soil was only 0.8%. Mean height for sand sagebrush was 66 cm. Helghts

f of the dominant grass species ranged between 30 and 49 cm. Mean shrub

- density in this type was 7,016/ha. with 89.1% provided by sand sagebrush.

The high shrub density was in contrast to most of the upland areas at RMA,

and it provided a different type of habltat than areas with few shrubs.

,:_,_ Based on species composition and soll characteristics, it is likely that

. sand sagebrush shrublands were present on RMA prior to settlement. Sandy
solls tend to not be good sites for dryland farming, and deeper sands are
generally avoided by cattle. However, some grazing probably occurred. which

would account for the abundance of cheatgrass in the understory.

Bubber Rabbirbrush Shrubland

Rubber rabbitbrush shrublands occurred as scattered stands on uplands.
mostly in the northeastern and southwestarn portions of RMA. This type was
not as abundant as the sand sagebrush type, covering 24 ha or 0.3% of RMA.
In general, it had the appearance of cheatgrass/perennial grasslands with
the addltion of a rabbitbrush stratum. Rubber cabbitbrush accounted tor 25%
cf the total vegetation cover in this community. Major herbaceous specles
Iincluded cheatgrass, sand dropseed, red three-awn., and bristle thistle.
These four herbaceous species accounted for 538.7% of the plant cover. Mean

vegetation cover was 73.6X%X. and cover by bare soil was only 0.4%.

Rubber rabbitbrush were generally taller than sand sagebrush (mean helght ot

[17 cm versus 66 cm). Heights of dominant grasses were similac in the two
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shrubland types, at 44 cm and 46 cm. Mean shrub density in the rabbitbrush
type was 2.550/ha, with rubber rabbitbrush comprising 84.7% of the total.

fucca. Grasslaod

Yucca comm  nities were mostly limited to the northwestern part of RMA, and
to a lesser extent in the south-central part. Yucca grassland covered
approximately 58 ha, or 0.8% of RMA. Small socapweed yuccas was the most
conspicuous and numerically dominant species. Secondary dominants included
cheatgrass, needle-and-thread, red threec-awn, and sand dropseed. These

grass specles plus yucca accounted for 87.2% of the total vegetation cover

in yucca grassland. In terms of specles composition. this community was

similar to the cheatgrass/perennial grassland and native perennial grassland

[ types. Mean total vegetation cover was 68.6%, and cover by bare soill and
litter was 3.8% and 27.6%, respectively. The high values for total

) vegetation cover in this type and the two preceding shrubland types result

from the abundance of woody species and succulents.

Heights of herbacsous dominants in this type were comparable to those
measured in other communities. Mean helghts for the dominant grasses ranged
from 20 to 36 cm: yucca was taller. with a mean height of $7 c¢m. Tucca

density was 9.,680/ha.

The presence of yucca probably (s related to soil and topography. In
general. yucca grasslands are best developed in areas of coarse but snallow
soils., and especlally along exposed low ridges. Unless rthese stands are
destroyed by fire or some other disturbance, they probably will persist in

their present condition.

Locust_Thickats

Dense stands of New Mexico locust occurred primarily in the socuthern porticn
of RMA and were almost completely lacking in the northern two-thirds ol the
site. Most occurrences were of small stands scattered among other upland

communities. Locust thickets covered 17 ha or 0.5% of RMA.

Locust probably was planted in assoclation with homestesds on the site

before establishment of RMA. or as cover for game at the Rod and Cun Club-

3-52

[P R TUUF7 RV PSS, VIS
San A ekl A M MR GRARI L = koLt nen e -



|
1

C-RMA-Q9D/BIORI. 20.5]
05/02/89

The stands of locust alwost alwaye hed the tallest stems growing (n the
centers and the shorteat (ndividuc ; at the margins. This ls the result of
the specles ceproducing vegetatively by root sprouts that radiate in all
directions from the original individuai(s). Fires resulting from human
causes ot from lightening frequently occur on RMA. Although locust thickets
ave sometimes destroywd. they quickly regenerats. Cheatgrass was the
dowlnant species in the understory of the locust thickets. along with Kockia
and locugt sprouts. Together. chaatgrass. Kochia., and locust sprouts
accounted for 94.8% of the plant cover in the understory. Total vegetation
covar i(n locumt thicket type was 38%, l{itter 12X, and there was no bare
soil. Most of the woody plant density was attributable to locust, which

occurced at a denaity of $.720 individuals per hectare.

Catropwood Millow. Stands

Mature plaing cottonwoods and peachleaf willows occurred along creeks.
irrigation dltches, reservoirs. and tn tsolated pockets of uplands areas.
The stands vere wmostly limited to the southern part of RMA although a few
ware present (n the nocthern portion of the site. These trees covered
approximately #8 ha. or ix of RMA. The largest trees reached heights of 90
to 100 ftv and [requently formed relatively dense, closed canopy forests.
The ma jor species in the understory ot these forests included cheatgrass.
smouth brome. slender whaatgrass. Canada wildrye. and Kentucky bluegrass.
Thase tilve grass species accounted for 82.7% of the total vegetation cover
in the cottonwood/willow communtty. Forbs were minor. Total vegetation
cover wag 66.4%, and cover by bar. soll was only 0.2%, with litter
accounting fcr J4.4% of cover. The grasses in the understory tended to be
quite tall: mean heights ranged from 61 to 93 cm. Plains cottonwood
occurred st a dengity of 640/ha (79% of the tota! density). compared with
120/hs for peschleaf willow. Nocky Mountain juniper was the only other tree

species encountecred in the samples.

The cottonwood-willow stands represent 3 stable vegetation type on RMA.
They undoubtedly occurred along drainages prior to setilement and have
Incressed as 3 result of wvater developwent. Cottonwoods were also planted
for shade around howestesds and various occupled areas of RMA. As long us

sufficlently moist areas are present on the site. this type can be expected
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to persist. However most nf the cottonwont willow stands at WA were

(

I composed solely of old individuals. This indicates that successful
reproduction has been sporadic, probably being limited to occasiona: tloods
which scarify the land and reduce competition of herbaceous plant< with

cottonwood seedlings.

Bottcaland _Meadaws

Bottomland meadow vegetation occurred at ‘Mi aiong drainages and irr‘pation
ditches, and to a lesser extent in the drawdown zones aJ ,acent :o reservoirs
in the southern part of the site¢. Bottomlands were the most extensive of
the wetland areas, covering 190 ha or 2.6% of RMA. Dominant s ecies in
}J_T these areas were variable. but typically included Canada thistle. prickly

: lettuce, horseweed. smartweed. and barn{ari grass. which combined tor +3 (x
of the total plant cover in the hottomland meadow type. Adcitioral specics
included American bulrush. Kentucky blueyrass. showy uilkweed. . 'dentod.
and sweetclover. Under native conditions. rhe hottomlands probably
consisted primarily of western wheatgra:s and slender w~heatgrass. ~hich
occurred in small amounts, along with several species of native perennial
forbs. The present composition of the bottowlands at RMA suggests that the
current communities have developed since the bottomiand arens were
disturbei. Total vegetation cover in the bottomlands was 49 2. This hign

value is largely the result of ampie soll moisture.

[
The weedy forbs that characterize this tvpe had mean heights of s 10 103
cm. Heights of grasses ranged from «3 to 72 c¢m- No shrub s;ecles were
L encountered along the sample transaects. although coyote or sandbar «il.ows
\ were presant in this type. »
The bottomiand type most likely occurred on the site prior to set! lement.
but the current structure and composition 18 quite different trom the
i; meadow-1ike appearance tha: would be expected under native condittons The »
prevalence of [ntroduced weeds aitests to past dlsturbances. Dominance by
Canada thisitle will continue and probably increase. since this species 1s
'i very aggressive and can su<cessiully compete with the perenntil grasses that
" would normally occur as dueminants in bottomland sites.
. »
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Caziall Marshes

Cattall marshes occurred at the edges of ponds and reservoirs and {n
overflow areas along streams snd ditches. Approximately 55 ha or (.8% of
RMA was marshland. The two major species in this type were broadleaf
cattail and narrowleaf cattall. Together. these two species accounted for
91.1%x of the vegetation in cattail marshes. Total vegetation cover was

89.9%: there was no bare soil.

Cattail species had a mean height of approximately 175 cm. No shrub species

were ancountered along the sample transects.

Ccoameotal_Tceus. and. Shrubs

Scattered plantings of ornamental trees and shrubs occurred throughout RMA.
Some were the result of plantings around RMA facilities. and others were
planted around farm and ranch bulldings that pre-dated RMA. The most common
ornamental tree species included Siberian elm, green ash., white poplar. and
plains cottonwood. Common lilac and matrimony bush were probably the most

widely planted ornamental shrubs on the site.

3.3.2 AQUATIC STUDIES

Aquatics fleld studies were designed to provide quaiitative and quantitative
information on the water quality and blotic communities of the Lower Lakes
(except Upper Derby) at RMA and of an offpost comparison lake (McKay Lake).
The ma jor biotic components investigated included phytoplankton,
zooplankton. aquatic macrophytes, benthic macroinvertebrates. figh eggs and
larvae, adult and juvenile fish., and amphibians. Data on each component
except aquatic macrophytes were collected seasonally to identify shifts in
community structure. Aquatic macrophytes were sampled only in August. when
their areal distribution and diversity are greatest. Sampling periods were

late April. mid-May. mid-June. mid-August. and early November of 1987.

Whole water samples were taken during each sampling period and analyzed for
standard water quality parameters. The samples were composites of
subsamples taken from various depth strata in the upper (inlet) and lower
(outlet) ends of the lakes. Subsamples were taken 1 m below the surface, at

mid-depth. and | m above the bottom. Where the water was less than 2 m
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deep. only a mid-depth sample was collected. Regardless of depth, three
subsamples were taken from each end of each lake. Subsamples were collected
using a horizontal Van Dorn-style water bottle, composited in a polyethylene
carboy. and thoroughly mixed to ensure homogenelity. The various aliquots
taken from the composited samples ware placed into appropriate containers

and presecvad to stabllize the parameters of interest.

Measurements of dissolved oxygen, temperature, pH. specific conductance., and
~ater transparency (Secchi depth) were taken in situ at both the upper and
lower ends of the lakes. Additional dissoclved oxygen readings were taken
within 2 hours of sunset and sunrise tc measure the diurnal pulse of
dissolved oxygen concentration. The Ilp §itu measurements of pH and speciflic
conductance were taken at various depths throughout the water column
following the same procedure used for collecting subsamples of whole water.
Dissolved oxygen and temperature measurements were taken at intervals of

l m or less.

Composited whole-water samples were also collected to determine the
composition and biomass of the phytoplankton community. Subsamples were
collected irom the upper and lower ends of each lake. from ! m below the
surface in areas greater than 2 m deep and at mid-depth In shallow areas.
Subsamples were composited In a container, and thoroughly mixed before

withdrawing three aliquots for analysis.

Two of the three aliquots were preserved with buffered formalin for later
analysis of species composition: the third was immediately placed in an lice
chest and maintained at 4© C. At the end of the sampling period., each
refrigerated sample was thoroughly mixed, and aliquots were spiked with
saturated magnesium carbonate solution. These were then passed through
glass flber fllters at a vacuum of less than 27 inches of mercury (1l pounds
per square Inch /psi)) to remove the phytoplankton cells. The filters were
folded, placed into glass vials. frozen, 4nd later analyzed for chlorophyll

content .

Speclies identification and enumeratlion were accompliished using a cowbination

of the Palmer-Maloney method for soft-bodied algae and centric and pennate
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diatoms, and proportional counting for the identification and enumeration of
dlatous following removal of soft tissue. Tha proportion (l.e.. rolative
abundance) of diatom taxa cbserved on the slides and the densities
calculated Yor the cantric and pennate forms from the Palmer-Maloney
analysis together provided a basts for estimating the density of each diatom

taxon {dentified.

The zooplankton community inciudes microzooplankton (rotifers) and
macrozooplankton. Microzooplankton were sampled in the upper and lower ends
of each water body using water bottles, as described above for other
parameters. In areas less than 2 wm deep. three subsamples were taken at
mid-depth. In areas greater than 2 m deep, subsamples were taken 1| m below
the surface, at mid-depth, and ! m above bottom. Subsamples from the
various depth strata at a location were composited to form the samples for

identification and enumeration.

Microzooplankton samples were analyzed using a Sedgwick-Rafter Chamber after
being washed with tap water In a 64-micron (u) sleve to remove the formalin.
The samples were thoroughly mixed to achieve a homogeneous suspension of
otganisms., and a portion was then extracted and placed into the counting
chamber. The samples were scanned at 100x., and a minimum of 200 organisms
(or the number of organisms encountered in flve strips) were ldentified to

the lowest practicable level.

Macrozooplankton samples were collected using a 0.5-m diameter plankton net
with a 118-u mesh size. Two General Oceanic Model 2030 flowmeters

were mounted on the net to measure the volume of water filtered. The
organisms collected Ln the upper and lower ends of each lake were combined
to form a single sample. Because of the extensive and dense growths of
submergent aquatic plants, tows were mostly limited to the surface strata
rather than being done throughout the water column. Samples of both
macrozooplankton and microzooplankton were preserved immediately after

collection with buffered formalin.

Macrozooplankton samples were analyzed using a Ward Counting Wheel. After

the samples were split to achieve a workable density, they were examined .t
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a sagnification of 40x., and a minimum of 200 organisms ware identified to
the lowest practicable level for each analysis.

The benthic macroinvertebrate community was saapled using a Ponar dredge to
collect substrate material for quantitative analysis and a dipnet to provide
supplemental information where dredge-sampling was not feasible. Samples
were taken in the upper and lower ends of each lake and washed across a
590«u mesh screen to ramove the sediment prior to being composited. All

benthic macroinvertebrate samples were preserved with buffered formalin.

The analytical procedure for macroinvertebrites was similar for dredge and
dipnet samples. Rose bengal solution was added to the samples. which were
then allowed to stand for 24 to 48 hours to ensure that the organisms
absorbed the stain. At the end of this period., the samples were again
washed through a 590-u screen. and the brightly colored organisms were

picked from the detritus and identified to the lowest practicable level.

Eish

The fish community of each lake was sampled using a variety of gear to
capture the species and size ranges present. Adult and juvenile fish
populations were sampled by beach seine and a boat-mounted electroflishing
unit. Samples of fish eggs and larvae werc collected using towed nets and a

fry seine.

Beach samples were collected with a 7.6 m x 1.8 » seine constructed of

3.2 am dalta-style netting. Samples were taken at two locations Ln each
waterbody, usually the upper and lower ends. and then composited. Samplers
usually waded to a depth of about 1 m., stretched the seine parallel to the
shore. and hauled to the shore. A boat was used at Lake Mary because of the
steep shoreline.

Electrofishing samples were collected using a 4.9-m (16-ft) boat equipped
with a3 240-volt, 4000-watt generator coupled to a Coffelt model VVP-15
electrofishing control unit. Current was directed from the control unit to
two electrodes positioned about 3} m forward of the boat and tuo just aft of

the working platform. As with the beach seines. samples were collected in

3-58

X

~ B .

f



MMM Ve MAWINL Y IS

05/02/89

both the uppar and lowar ends of each lake and then composited. Samples
consisted of J-minute electrofishing runs, usually with two indtviduals

netting flsh and one operating the boat and electrofishing unit.

All fish collected by beach seine and electrofishing were ldentified,
enumerated, and msasured for total length (mm) and weight (g), except when
catches were large. Large catches were randomly subsampled and lengths and
weights taken on a maximum of 25 individuals of each specles. Large fish
were procsessed in the fleld and returned live to the water. Small figzh were

preserved 1in buffered formalin and returned to the laborateory.

Fish eggs and larvae were sampled in open water in the upper and lover ends
of each lake using the same techniques as described above for

macrozooplankton.

The net used was 5 m long, had a 0.5-m diameter circular mouth, and a 335-u
mesh size. The distal end of the net was equipped with a quick-couple
plankton bucket screened with a 363-u netting. Samples from the two ends of

each lake ware composited.

Fry seine samples were taken at the same frequency and using the same method
as beach saine samples. The fry seine was 3.0 m x 1.8 m and fabricated of
335-u netting. The distance of each haul varied and was usually dictated by
the density and extent of nearshore macrophyte beds. When macrophytes were
not a factor, the seine was hauled a distance of about 15 m. All fry seine

samples were preserved in buffered formalin.

In the laboratory., fish eggs and larvae were stained with rose bengal
solution, and washed with tap water across a 120-u sieve to remove excess
stalu and preservative. The eggs and larvae were then identified to the

lowest practicable level.

Bluegill and largemouth bass were selected for evaluation of condlition in
the lakes because these were the prevalent species and the ones most
frequently caught by fishermen. Condition was defined in terms of weight

relative to length using twc standard indices: Fulton's condltion tactor K
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and weight-length ralationships. Condition factor K is a relative index
useful for comparing individual fish or, when averaged, for comparing fish
populations In different water bodles. Weight-length relatfonships were
calculated from the log-transformed individual weights and lengths of
individual fish, using a least squares regrassion sethod. Regression lines

were compared to evaluate the difference among water bodles.

Qualitative surveys of aquatic macrophytes were performed during the August
1987 sampling period to determine the areal distribution of mscrophytes {n
the lakes and the predominant community constituents. Areal distributtion
wvas determined by traversing the lakes by boat and sketching the extent and
coverags of the macrophyte beds on large-scale serial photographs.
Specimens of prominent aquatic plants were gathered and identified to

compile a list of the aquatic flora.

3.3.3 WILDLIFE STUDIES

This section describes the field wethods used for supplementary wildlife
investigations at RMA. An effort was made to use videly accepted methods
that would provide information on the occurrence, distributfon, and relative
abundance of selected vertebrate groups on RMA. Studles ranged from
detailed quantitative analyses to semiquantitative indices and qualitative
observations. More intensive studies were used for species of particular
ecologlcal, regulatory, or economic importance, and those considered
especially useful as indicators of contamination amd habitat quality.
Qualitative information was collected to provide a comprehensive view of
ecosystem structure and function, and to corroborate the major patterns
evidenced by the quantitative investigations. Detailed methods are provide
in the Wildlife Study Technical Plan (MKE. 1985).

The following subsections describe field methods employed for terrestrial

vaertebrates at the RMA and the offsite comparison areas.

Studies of deer and rabbits lnvolved a combination of read transects. fecal
pellet transects, and opportunistic sightings. For deer, systematic road
routes were driven on RMA. An offpost comparison route was driven near

Horse Creek Reservoir in an ares recommended by CDOW. Distribution and
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relative habitat use by deer at RMA were also investigatad by counting fecal
pellet groups at 111 plots. The plots had been originally used for
quantitative studies of nesting songbirds and were uniformly distributed
across RMA. Studies of rabblt distribution and abundance at RMA were
conducted concurrently with road transects and fecal pellet transects for

deer. Offpost comparison areas for rabbits were at Buckley ANG.

Coyotes, foxes, and other carnivores are not readily surveyed using visual
counts.  Therefore, studies of these species relled upon scent station
surveys using an olfactory attractant developed by the USFWS. Scent station
surveys were conducted twice at 14 locations during October and November
1986. Each location consisted of five scent stations at 0.3-mile intervals.
Information on all large carnivores, such as badgers, relied heavily upon

opportunistic obssrvations to supplement scent station data.

Small mammals, which include mice, voles, and ground squirrels, were
surveyed primarily by live-trapping in November 1986 and June 1987.

Emphasis was piaced on documenting species presence and distribution in
different habitat types. Trapping in 1986 was conducted at 16 lecations
onpost and 3 offpost, with a total effort of 3,060 trap-nights. In 1987,
the total effort was 1,575 trap-nights. Most of the sampling {n 1986 was in
ma jor habitat types, while the 1987 sampling focused on minor habitat types.
Pocket gophers are not readily sampled by live-trapning. Data on
distribution and abundance of these burrowing animals were obtained by

counting mounds along the deer and rabbit fecal pellet transects.

Prairie dogs were surveyed in 1986 and 1987 to determine age class
composition. In 1986, sampling occurred from 14 to 18 June, with 20 counts
conducted on RMA, 4 at Buckley, and 2 at the Plains Conservation Center. In
1987, sampling occurred from l4 to 27 May. with 20 counts again conducted on
RMA (at same locations as 1986), 10 counts at Buckley, and 10 at the Plains
Conservation Centeé. Methods used to estimate age-class consisted of
observing prairie dogs from a vehicle (using binoculars or spolting scope)
and classifying clearly observable animals as etther adult or juvenile.

Main roads within the three study areas were traveled, and observation

points were chosen when at least 30 animals could be seen within 50 m of Lhe
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vehicle. Age-class estimates were performed after walting 5 minutes (to let
the prairie dogs resume normal activities). Observation points were spaced
a oinisum of 0.5 mi on RMAt on Buckley and the Plains Conservation Center,
observation points ware more closely spaced (as close as 0.1 mi) because of

the limited extent of prairie dog colonies.

Birds of prey (owls., falcons, hawks, and eaglas) were investigated primarily
by a combination of road transects and incidental observations on and off of
RMA. The offpost transects wera in Arapaho and Adams counties, in areas
recommended by CDOW. Nest searches were performad at RMA during the 1986
and 1987 breeding seasons. This involved specific ssarches of areas where
results of the spring road transects or opportunistic observations suggested

the possibility of a nearby nest.

Ring-necked pheasants and mourning doves were surveyed during the 1986
breeding season by counting territorial/courtship vocalizations at l-mile
intervals along road transects. Counis were made around dawn under
favorable weather conditions, with 2 minutes spent at each listening post.
Offsite surveys were conducted in areas of Weld County suggested by CDOW.
For pheasants, data on male-female ratios were collected along driven routes

during February 1986.

Information on the occurrence and abundance of waterfowl, shorebirds, and
wading birds at RMA was obtained primarily from systematic survevs during
spring and fall migrations. Informal observations during other seasons and

a qualitative nesting survey in 1987 also contributed to site-specific data.

Songbird study methods included walked transects in winter 1986, breeding
plots in spring/early summer 1986. and unstructured obaservations throughout
the fleld program. Winter transects were located at 27 sitez ou RMA and a
total of ten sites at Buckley ANC and PCC. Transects generally were 500 m
long, except In habitats of limited areal extent. Counts ware conducted

between dawn and late morning.

8reeding bird surveys were conducted at lll onpost plots and 54 offpost

plots. Breeding plots were 100 m x 100 w (1 ha) In size and were located
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systeuatically along rosd routss. Plots were surveyed by counting all
singing males heard within the plot boundaries during a 4-minute perlod.
Esch plot was surveyed thres times:. by threea separate observers. Counts

were asads between dawn and late moruing.

Qualitative songbird sightings were made during other fleld activities.
Specific searches of minor habitats (especially wooded areas) were also done
to document uge by less common species. Sesrches were made during all four

seasons.

Most of the observations pertaining to amphibisns and reptiles were
incidental to other {leld programs. Information recorded included
vecalizations and visual sightings to determine species occurrence,
distribution, and relative abundance. In addition, spring surveys of
permanent and ephemeral water bodies for breeding anurans (frogs and toads)
consisted of driving within earshot of wet areas after dusk and noting
species heard. Choruses of breeding anurans are readlly ldentiflable to

species, and individuals are easily heard over distances of 100 m or more-
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4.0 NATURE AND EXTENT OF BIOLOCICAL CONTAMINATION

Contaminants have besen detected in the tissues of plants and animals on RMA
since the esrly 1950s. During that period., specific sites of contamination
and specific groups of contaminants were identifi.. and examined, usually in
relation to selected areas on RMA and limited to particuldr problems (e-.g.,
bicd kills at Basin F). A broader program to assess contaminants in blota
from selectad locatlions on RMA and at offpost control sites was established

during the late 1970°'s and continued into the 1980°s.

A couprehensive evaluation of all contamination in RMA biota. both onpost
and offpost, was initiated in 1985 as part of the biota assessment. This
program was designed to determine what, Lf any. RMA contaminants remained in
the environment and constituted hazards to the regional biota. Many of the
contaminants known to have been spilled. dumped, or otherwise placed {nto
the RMA environment were toxic: some were known to be persistent. and others
were suspected of degrading into other hazardous chemicals (the history of
contamination on RMA is provided in Section l). In order to develop a
comprehensive program at an appropriate level of effort. {t was first
necessary to define what contaminants were of potential concern to blota.
and then, by examination of contaminant types and concentrations {n ablotic
wedia (e.g.,» soll, surface water. shallow ground water). determine which of
these might still be present in sufficient concentrations. quantities., and

locations as to be detected in biota.

This sectlon contains the results of specific sampling programs that were
developed to address the current extgnt of RMA contamination in biota.
Although the basic approach was to measure contaminant levels in tissues
from specimens collected on RMA and compare them to levels in offpost
controls, valuable information was also obtained from samples collected by
chance (e.g.., raptors found dead on RMA and salvaged for analysts) and from
additional samples collected by the USFWS from specific sites on RMA that

were unavallable during the current program (e.g.. waterfowl samples trom
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Upper Derby Lake). The results of these anslyses are discussed in
conjunction with information on known and potential effects on blota and

scosystems in Section 5.0 of this report.

4.1 CONTAMINATION HISTORY

Contaminants have been located In various locatlons and concentrations on
RMA since its creation in 1942. This section contains a summary of the
history of the major basins and lakes on RMA, since they are the major
sources for contamination of blota. A summary of past mortality and injury
to plants and wildlife is also presented here. Historical studies are
listed for those (nterested in additional background on the history of
contamination {n the wildlife of RMA. In the final part of this section,

the contaminant levels found in past studies of RMA wildlife are presented.

A literature review on the Army's use of pesticides and herbicides on RMA
was recently prepared by in 1988. The review indicates that substantial
quantities of several toxic substances were applied to the RMA environment
beginning in the early 1950°s, but‘slte-speciflc information 1s largely

unavailable. This report is contained in Appendix C.

4.1.1 CONTAMINATION HISTORY OF THE BASINS

Basin A, located in a natural depression within Section 36, was the original
unlined disposal area for liguids and waste waters resulting from all RMA
industrial operations from 1943 to 1956. By 1946, liquid waste leaking
through and seeping under the dams on the northwest perimeter of Basin A had
ponded in a low area just west of the dam. To drain away the saepage, the
Army built a drainage ditch 3,800 ft through a naturally low and swampy area
in Section 35 (Basin B) to uniined Basins D and E. Overflows from Basin A
then went through Basin B. through open drainage ditches and culverts under
C Street, Eighth Avenue, and through the Sand Creek Lateral to Basin b gnd
Basin E. In 1952, the construction of a higher {mpoundment dike at Basin A
took place in anticipation of additional waste to be produced by the CB
plant in Section 25. References citing the above actions include USA CWS
(1943, 1945a. 1946a, 1946b, 1946c): USA Chemical Corps (19546): Smith (1952,
1953): Thompson (1952, 1953): and Meetze (1952).
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The Army built a new unliaed Basin C (see Figure 1.1-2) in 1953 in order to
accommodate the additional waste produced by full scale production at the GB
plant in February 1953. Liquid waste from Basins A and 8 and from surface
drainage in the South Plants all went to the Sand Cresk Lateral with the
cutoff and bypass of the ditches and culverts mentioned above. Overflows
from Basins A and B were therefore diverted into Basin C. Overflows from

Basin C first passed to Basin D, then to Basin E (USA Chemical Corps. 1953).

By 1957, Basins A and C were drained into the newly coastructed Basin F.
Basins B, D, and E were empty by the time of Basin F construction, due to a
reduction of liquid waste production from both the Army and SCC operations
by 1957. Basins C to E may have been used to store raw process water from
overflows in the Lower Lakes during 1957 and 1958 (SCC, 1957 and 1958):
Basin C was used as an irrigatica water storage reservoir for the wheat rust
experimental projects in Sections 23 and 24 (in 1965 or later). After
construction of Basin F {n 1957, Basin C handled excess water on several
occasions betweeen 1957 and 1974. Subsequently., Basins A to E have heen
relatively dry, with some wetting and/or ponding in wetter months of the
year after heavy rains/snows (ESE, 1988, RIC#88243R05).

The near surface contaminants most often found in Basin A are arsenic (as
high as 1.100 parts per millicn (ppm): avg. 20 ppm). mercury (as high as
65 ppm: avg.- 0.2 ppm), and the SCC pesticides aldrin, dleldrin. and endrin
(maximum of 700 ppm for these contaminants: avg. 10 ppm: ESE, 1988d).
Similar contaminants are found in Basin C. but at generally lower

concentrations.

Basin F. a 93-ac asphalt-lined surface disposal pond ln Section 26. was
constructed in 1956 to hold all of the subsequent industrial liquid wastes
and wastewaters generated on RMA. Discharges into Basin F ceased in
December of 1981. In the spring of 1982. the Army removed the chemical
sewer laterals, erected dikes, and built a north-south interceptor ditch to
prevent any sucrface runoff or sewer transported surtace drainage trom

entering Basin F (USA COE. 1981: Black and Veatch, 1981). Liquids commonly
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coverad 40 to 30 % gf the surface area of Buasin F from 1982 to early 1988,
and the remaining surface area remsained wet and mushy with water and

chemical waste content.

The Arwy attempted from 1983 to 1988 to reduce the liquid portloﬁs of the
waste In Basin ¥ with an enhanced evaporation system. In 1988, contaminated
liquida vere ctemoved to storage tanks and lined holding basins northeast of
Basin P, as part of s Comprehenaive Environmental Response, Compensation,
and Liabllixy Act (CERCLA) removal action (USA PMO-RMA, 1988). The Army has
now encapsulated the contaminated solids, sludges. liner, and sub-liner
solls in a waste pile, and covered the basin site with a clay cap (EBASCO,

1988). The one remaining lined holding pond i$ now covered.

Near surface contaminants found in Basin F in the past included high
concentrations of a number of pesticides, metals, solvents, intermediates,
and unknown chemical compounds formed in the sludge and llquid in the basin
(Asselin and Hildebrand, 1978. RIC#81324R09).

Basin F has bheen documented as a source of wildiife i{njury and mortallty
since 1964 (Reutwr, 1964). Large bird kills, especially of waterfowl, were
found annually in and about Basin F. possibly since its construction in 1956
(McEwen and DeWeese., 1984, RIC#87091R0J). The U.S. Fish and Wildlife
Service (USFWS) reported that 291 carcasses of several specles of blrds were
temoved from the shoreline of Basin F in just 2 days (May 1 and 2) in 1975
(McEwen and DeWewse. 984, RIC#87091R03). In an attempt to prevent birds
from approaching Basin F. flve repeating-fire Zon guns. flashing light
pontoons. and six Avalarms vere installed around the perimeter fences in
1975: an sdditional number of devices expanded the system to 12 Avalarms and
12 Zon guns in 1984 (McEwen and DeWeese. 1984. RIC#87091R03). A count of
waterfowl mortality at Basin F has been completed quarterly since mid-1481.
Hortality counts for 1981 to 1987 are presented in Table 4.l-1. The high
counts in 1983 and 1984 were the result of blirds that had dled in previous
years being collected from newly exposed areas of the basin due to low
liquid levels. Although scare devices were Installed at Basin F, waterfowl

mortality flgures were stil]l about 200 to 250 individuals per year at that

®
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Tabla 4.1l-1. Annual Waterfowl Mortality at Basin F from 1981 to 1987.

(% @‘@ 0

isar Numbsr _of Katerfowl Found Daad

1981 202

1982 222

1983 Gubw '
1984 418«

1985 149

1986 236

1987 139

» Divides half of total for year survay done from June 1983 to June 198«.

Source: Trautmann, 1988.
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location during the early 1980°'s (Thorne, 1983, RIC#85115R02). The recent
temoval of fluids from Basin F and placement of a clay cap on the acrea

should substantially reduce or eliminate waterfowl mortality due to Basin F.

4.1.2 HISTORY OF THE LOWER LAKES

As early as 1951, mortaiity of waterfowl and aquatic organisms led to the
susplcion that organic chemicals from Hyman (now SCC) facilitles in the
South Plants were leaking back into the Lower Lakes via return water canals.
An estimated 20,000 ducks died in the years 1949-1959 in the Lower Lakes:
this was considered a minimum estimate at the time (Finley, 1959).

Waterfowl were particularly vulnerable to pesticides in the Lower Lakes
during the years in which chemicsl production was being pursued in the South
Plants. Waterfowl losses associated with contaminated sites on RMA ranged
from 2,000 to 3,000 individuals annually throughout the 1950's and early
1960's (USFWS. 1960).

Dead and dying ducks and ducks exhibiting abnormal behavior as a result of
chemical contamination (presumably from RMA sources) have been observed on
Upper Derby. Lower Derby. and Ladora Lakes on RMA. Studles by the USFWS
have shown that resident ducks were the hardest hit by contamination. Ducks
were observed to dle of convulsions., fly with noticeable los: of
equilibrium, and in several instances fly at full speed into the sides of
buildings (USFWS. 1952). One mallard, which died while showing
characteristic signs of lethal organochlorine contamination at Lower Dechy
Lake, had 1.3 ppm endrin Ln the brain (USFWS., 1982b). This ls above tha
lethal level of 0.7-0.8 ppm for birds (Stickel et al.. 1979a).

The presence of contaminants in the lakes often was deduced from the death
of waterfowl. A large duck kill in winter 1951-1952 was attributed to the
release of pesticides by Hyman (Kellogg. 1952). The first documentation of
pesticides in the lakes was from an SCC aralysis that detected dieldrin at
l ppm and aldrin at 68 ppm in May 1952 (Hyman, 1952). Other chemicals were
also introduced into the lakes during this period. A release of caustic in
a quantity sufficient to raise the pH of lake water to 10.5 killed all the
fish in the lakes in May 1951. In addition. until 1955, Hyman and SCC on

various occasions added substantial quantities of muriatic and/or sulfurlic

4=b
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.

acid to the process water to veduce high levels of alkalinity that caused

Y T

scale to form on heat exchange equipment (Kuzniar, 1951: Meetze, 1951
Hymen, 1954: Cullaey, 1969).

(2.

The caustic and pesticide releases {n the 1950's led to a series of
sxpressions of concern by the Army about the entry of chemical contaminants
into the Lower Lakes (see Armitage. 1951a and 1951b: Kellog, 1951a., 1951b.
1952; Saith, 1951). The Army commissioned studies of contamination of the
Lower Lakes in the latter 1950's. Pesticide levels vere found to rematn
persistently high in wildlife (Jensen, 1955, RIC#84292R04), and waterfowl
mortality continued to be high throughout the rest of the Lowar Lakes system
in the remainder of the 1950°'s (Finley, 1959). High waterfowl mortalities
continued to be reported in 1961 and 1962 (Sheldon and Mohn 1962). Upon
investigation by the Army, it was determined that the contamination was
concentrated in the sediments. A sampling program was initiated by the
USFWS in 196] to determine the extent of sediment and wildlife
contamination. This program reported up to 2,400 ppm dieldrin {n waterfowl
fat, up to l4.4 ppm Ln pheasant fat, while dieldrin Ln deer fat samples was
below detection limits (¢0.1 ppm) (Sheldon ex al.. 1963). SCC also found
sediment sam.les from Upper and Lower Derby Lakes to contain concerntrations
of up to 183 ppm aldrin, 12.7 ppm dieldrin, 8.3 ppm isodrin., and 10 ppm
endrin (SCC, cited in MKE, 1987). The SCC study found the retuyrn water

ditches to be contaminated with pesticides and residues as well.

In 1964, the U.S. Army removed contaminated sediments from Upper and Lower
Derby Lakes and Lake Ladora, as well as the contaminated sediments Iin the
return water canal to Upper Derby. The lakes were refilled in 1965 after
sediment removal, and waterfowl mortality in that year declined over that In
previous years. In subsequent years waterfowl and other wildlife continued
to be found dead at the Lower Lakes but (n smaller numbers. Fish also
continued to contain levels of contaminants {n their tissues after this
period, leading to the institution of catch-and-release policlies in 1977 and

1978 to prevent human consumption of flsh from the Lower Lakes.

Recent analyses of the water in tie Lower Lakes conflrm that the relatively

insoluble pesticlde compounds do not lead to detectable values In water

4-7
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samples (Rosenlund a% al.. 1986). The sediments still contain contaminants. @
which are in highest concentrations in the upper layers of sedlments and Y

near the inlet canals to Lake Ladora and Lower Derby Lake. and are )
distributed evenly across the upper sadiments in Lake Mary (Myers et al.. (!
19831 Myers and Gregg, 1984). Upper Derby Lake has been used only for flood

control since 1982, and is often dry. Soll cores from Upper Derby confirm

that its sediments continue to be the most highly contaminated in the Lower

lakes (EBASCO, 1988). Furthar detall on thess recent studies Is presented

in Section 4.3.3.1.

4.1.3 HISTORICAL CONTAMINATION LEVELS IN WILDLIFE »

A substantial body of information on the presence and distribution of

contaminants in RMA blota exisis as a result of past investigations

conducted since the mid-1950's. Several of these investigations have

documented {: 4nts and several specles of wildlife levels of several [ ]
contaminants that represent potentlial risk to humans and blota. Table 1.3-1

summarizes documented wildlife deaths and injurtes on RMA, while Tables

4.1-2 thru 4.1-6 summarize concentrations in wildllfe and plants. It can be

seen that contaminants occur in varying concentrations in all classes of .' [
wildlife, from invertebrates to birds and mammals. The historical levels and

effects of these contaminats will be discussed in the following section.

Red-tailed hawks were found dead in Section 36 with high levels of dfeldrin.
endrin, dichlorodiphenylethane (DDE), and polychlorinated biphenyl (PCB) In
1982 (USFWS, 1983). Dead coyotes, owls, and hawks found at scattsred
locations on RMA (from 1976 to 1981) had significant concentratlons of

pesticides in their tissues.

Most data indicating contamination in the tissues of plants and animals at
RMA are associated with identified major sources of known or potential
contamination. Contaminants data from biota in the Lower Lakes are
presented in Table 4.1-2: from biota in Section 36 {n Table 4.l-3: trom »
biota In Section 24 (including North Bog) in Table 4.l-4: from biota Ln
Section 26 (including Basin F) in Table 4.1-5: and from Sections 6. 7. 11.
12, 19, 23, 30 and 35 in Table 4.1-6. Due to the quantity of existing
information, ranges of contamination in specles are presented and reference

ls made to pertinent documents as sources of additional Informatlon.
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Examination of these tables shows that a vartety of key wildlife specles
contaln RMA contaminants. Plent tissues have not been examined as
thoroughly, but evidencs of adverse effects has also been noted. In spite
of the fact that 1 single comprehensive survey had not been conducted. these
studies (conducted over a period of more than thirty years) demonstrate that
a wide range of species in aquatic, wetland, end terrestrial ecosystems on

RMA contain or contained contaminants with known adverse effects on biota.

Numerous studies of contaminant levels in plants, lnvertebrates, fish. and
gilellfe have baen conducted since the early-1960"s (Sheldon and Mohn. 1962:
USFWS, 1965, RIC#84296R04: USA DPG, 1973 and 1975a, b, and c, RIC#84296R02,
RIC#84296R03, and RIC#85121R07: USA EHA, 1976, RIC#83020R03; Rocky Mountain
Fisheries Consultants, 1977, RIC#81286R07: Thorne. 1982, RIC#83042R01: USA
WES, 1983: USA, 1984). Studies have alsc been conducted on some of the
chemical contaminants, particularly those that are peculiar to RMA
activities, to determine the possible blological effects and concentrations
necessary to produce effects (O'Donovan and Woodward., 1977, RIC#81335R08:
Cuenzi et al.. 1979, RIC#81266R04: Palmer et al., 1979, RIC#81266R02: Hart.
1976, RICw82161R06 and 1980, RICw#82005R02: Thake er al.., 1979,
RICw81266R06). Although valuable information was obtained, comparable types
of information (e.g.., dose levels, physiological effects., toxicity.,
mutagenicity, effects on reproduction, abtlity to produce physical

abnormalities. etc.) for many suspected compounds of concern are still

unavailable.

Comprehensive studles of RMA vegetation included mapping the overall
distribution of vegetation types on RMA (Santa Barbara Remote Sensing
Institute, 1978a, RICw#81286R08). Color-infrared aerial photography of RMA
indicated that plant communities within known areas of contamination (c¢.g..
near Basin F) exhfibited stress. Some areas supported vegetation consisting
of single stands of weedy species or were bare ground. Twenty-five plant

community types and six non-vegetated cover classes were dlfferentiated as a

result of these studles.
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Subsequant vegetation studies were conducted with the objective of
monitoring movemants of environmantal contaminants on RMA (Santa Barbara
Remote Sensin~ Institute, 1978b. RIC#81286R09). Research focused on three
areas: 1) plant community studies, 2) remote sensing studies., and 3)
literature surveys on the bioconcentration of RMA contaminants that might
serve as biological indicators of contaminated aress. The study resulted in

a suggested procedure that was apparently never {mplemgnted.

Soil samples from a coring program at RMA were tested for the presence of
phytotoxic substances (Torgeson and Sirois, 1976, RICw81341R02: Cogley et
al.-, 1979, RIC#81266R08). The phytotoxicity data did not indicate the
presence of phytotoxic substances except ({n areas already known to be
contaminated on the basis of chemical analyses of the soil samples. Section
36 was extensively contaminated with phytotoxic chemicals generally present
ovar approximately 100 acres. Adjacent portions of Section 35 had two sites
showing phytotoxic contamination, and evidence of additional phytotoxicity
were encountered in Sections 9. 22, 24, and 26. Toxicants were found
primarily in the upper 2 ft of soil where most plant roots are found,

occasionally in the horizon from 7 to 12 ft, and rarely below 12 ft.

Several fish species including northern pike, bass, rainbow trout, bullhead,
channel catfish, and bluegill from the Lower Lakes on RMA were sampled for
contaminants in past studies. Although several compounds were present in
detectable levels, the primary chemicals of concern for both fish and
waterfowl were the organochlorines associated with pesticide production
(sheldon and Mohn, 1962; USA DPG, 1973, RIC#84131R02: Thorne, 1982,
RIC#83042R01). At least a few individuals of all the fish species sampled
and all of the waterfowl sampled, including 27 specles of ducks found dead
or dying on RMA, were found to contain levels of contaminants. primarily the
pesticidas aldrin and dieldrin, that represent potential risk to kumans and

biota.

Several additiconal wildlife specles were tested regularly for chemical
contamination. The specles sampled included cottontall rabbits. ring-necked
pheasant. mourning dove. and occasionally mule deer. Control animals were

obtained from an area several miles from RMA and were also analyzed for

4=-23
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contaminants. Results consistently indicated that higher levels of
contaminants were present in the flesh of animals found at selected
locations near sices of contamination on RMA than from animals collected
from offpost control areas (Thorne, 1982. RIC#83042R01).

The data from other studies conducted at RMA in the past also showed high
levels of organochlorines in diverse animals including spadefoot toad, great
blue heron. starling, and red-tatled hawk (USA DPG, 1973, RIC#84131R02: USA
EHA, 1976, RIC#83020R03; Thorne, 1982, RICw83042R01}. A golden eagle that
was shot near the edge of RMA contained 0.15 ppm dieldrin {n breast wmuscle
tissue and 1.7 ppm in fat tissua (USFWS, 1982a) . These levels are higher
than the median reported in golden eagles by (Reidinger and Crabtree (1974),
who determined dieldrin concentrations ranged frome (0.1 to 12 ppm (median

0.8) in fat tissue.

The levels of some contaminants (e.g., dieldrin, mercury) in the flesh of
game animals and edible fish at RMA exceeded the Food and Drug
Administration (FDA) action levels for animal and fish tissue (FDA, 1978,
RIC#84338R01). The USFWS expressed concern to the CDH regarding the
potential health hazard to humans (USFWS, 1981). Concern was also expressed
by the CDOW over the potential movement of pheasants contaminated with
pesticide residues off RMA onto private lands on the north and east sides of
RMA where they could be hunted. These birds were reportedly contaminated

above levels acceptable for human consumption (USFWS. 1981).

Reduced avian reproduction is a well documented effect of organochlorine
pesticides and has been documented for one bird species at RMA, the American
kestrel. Studies were conducted on kestrels (sparrow hawks) by the Patuxent
Wildlife Research Center (USFWS, 1982b). Studies indicated that adverse
effects on populations of these birds may have been related to sites of

contamination on RMA (see Section 3.2.1 for current studles).

Crude bloassay tests conducted on the aquatic ecosystem ol the Lower lakes
indicated that tadpole survival in water from Derby Lake was no differcnt
than the survival rate in the control: however. algae from Upper Derby Lake

was sufficiently toxic to kill tadpoles within 2 weeks of exposure (Finley.

ueb
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1959). Other data on bicconcentration of RMA contaminants exist that are
congistent with generally known pathways of bioconcsntration and
bioaccumulation of organochlorine pesticides and other contaminants.
However, not much i{s known about the toxicity and environmental effects of

several other RMA contaminants (see Section 5.1.1}.

4.2 DEEINITION OF CONTAMINANTS

A list of contaminants of concern to biota was derived by examining all
avallable literature on chemicals found in biota at RMA. This list was
augmented by adding compounds found in current screening programs for RMA
contaaination 1li. scil, surface water., ground water, and alr. and compounds
known to be associated with past operations at RMA (Geraghty and Miller.
1986, RIC#86107R01). Compounds on the list of potential contaminants of
concern to bhlota that met the selection criteria described in Section

3.2.2.3 were ldentified as contaminants of concern.

Thirty-nine contaminants were initifally identified as contaminants of
concern based on this approach. Some contaminants present in ablotic¢ media
had been found in previous investigations. but were not {ncluded as
contaminants of concern to biota unless they were also rated as moderately
or highly toxic., or unless their concentrations in biological tissues could
be related to some adverse biological effect. Application of the selection
criteria indicated that additional considerations were needed in order to
correctly ldentify contaminants of current concern to biota. Additlonal
data on the distribution and concentration of RMA contaminants in physical
media vere evaluated throughout the biota program in order to keep the list
of contaminants of concern to biota current and to evaluate its component
chemicals accordingly. One chemical, DIMP, was found to have low
environmental toxicity (Dacre and Rosenblatt. 1987), but remained on the
list because of {ts wide distribution in groundwater and hecause of its
degree of concern to regulatory agencies. From the list of 39 contaminants
of concern, seven contaminants of major concern were selected as described
in Section 3.2.2.3. Further detail on the development and application of
this approach i{s In Section 2.2 of the Task Y Blota Assessment Flnal

Technical Plan (ESE, 1988d. RIC#88243R0OS).

4<25




C-RMA-QYD/BIORI. 40.26
5/4/89

Some contaminants from the list of contaminsnts of concern were combined {f
review of available information indicated thot one chemical was converted to
another predowinant form in the bloclogical environment, and that 1ts
toxicity could be related to that form. A prime example 1s aldrin, which is
converted to dieldrin. The toxic effects of aldrin and dieldrin are
additive, and dieidrin is the predominant form in the environment.
Contaminants of concern to biota were addressed in the Task 9 Final
Technical Plan for Biota studies (Section 2.0) and are discussed in Sectlon

5.0 of this document.

4.3 CURRENT EXTENT QF CONTAMINATIQN IN BIQTA

4.3.1 PHASE I RESULTS

Evaluation of existing information resulted in the tdentification of sites
and scurces of contaminatlon on RMA, development of a list of contaminants
of concern to biota, and analysis of preliminary pathways for the movement

of contaminants te and through key species and sink food webs.

Information accumulated during the Phase I preliminary assessment has been
combined with subsequent data from more detafled studies that were conducted
during Phase II and with data from additional studies conducted by MKE.
These results follow in Sectioms 4.0 and 5.0. Results of the Phase I
criteria development were used to scope Phase Il studies and are presented
in Section 2.0 of the Phase II Final Blota Assessment Technical Plan (ESE,
1988d, RICw88243R05). The Phase I Contamination Assessment focused on
obtaining information needed to scope the Phase II sampling program. The
{nformation on species. food habits, pathways, etc. has been {ncorporated
into the descriptions of the environmental setting provided in Section 2.0
of this document and in the discussion of contaminant pathways and

contaminant effects in Section 5.0.

Ma jor sites and sources of potential contamination identiflied as a result of
Phase I were: South Piants: Lower Lakes: and Basins A. C. D, E. and F.
Detailed descriptions of these sites are provided in the appropriate CARs

for sites of potential contamination on RMA.

4-26
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A list of 39 contaminants of concern was developed by screening the
avallable data. Criteriz for selecting this list and a discussion of the
process are provided i{n Section 2.2 of the Task 9 Biota Assessment Final Q
Tachnlcal Plan (ESE, 1988d, RIC#88243R05), and summarized in Sections

N

3.2.2.3 and 4.2 of this document.

food webs for the three major ecosystems within the defined study area:

grassland, wetland, and aquatic. Subsequen: analysis of these food webs

from a treophic perspective resulted in combining the species into two [ ]
general webs: aquatic and terrestrial. The species designated as inhabiting

the wetland ecosystem could not be logically sepazrated from the trophic

structure of either of the other two (e.g., ducks feed on ‘igh. snalls, and

aquatic vegetation).

®
l Preliminary Pathway Analyses ware conducted involving initial development of
i
' Several data gaps tdentified as a result of Fhase I led to the development
of a work plan for Phase II investigatlons. Slite characterization data were
' found to be out of date, studies were needed to provide an adequaie
biological database to complete an adequate remedial investigation for RMA
and the adjacent offpost study area. and additional {nformation was needed
on the current distribution of contaminants along pathways In regional food
vebs. Data that fil]l these gaps are presented in the remainder of this

document . »

4.3.2 CONTAMINANTS IN TERRESTRIAL ECOSYSTEMS
Chemical contaminants found in tissues of terrestrial species analyzed under the
Phase II program are summarized in Tables 4.3-1 and 4.3-2: a complete list of [

contaminant analysis results is provided ln Appendix D. Following the

presented only for those instances where more than 50 percent of the samples
analyzed indicated the presence of contaminatlon. The detection limit (certified
reporting limit) established for each contaminant {n each tissue type is
presented in Table 4.3-3. In some Instances. Insufficient sample was availuble
to attain this limit of detection (e.g.. brain samples, kestrel cggs. earthworms)
within the constraints of the USATHAMA certified method. and the detcction limtt

values were uad justed accordingly to less sensitive levels.
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Table 4.3-3. Certified Reporting Limits for Biota Analysis Methoda
USATHAMA _ Certified Reporting Limit

Method Code Matrix Type Analyte (ug/g)
B-6 Animals and Plants Arsenic 0.250

C-6 Animals and Plants Mercury 0.050
D-6 Plants Aldrin 0.022
Dieldrin 0.044

Endrin 0.040

E-6A Animals Aldrin 0.020
Dieldrin 0.031

Endrin 0.040

F-6A Animals pyp -DDE 0.094
pPip’ -DDT 0.289

Source: ESE, 1988a.
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Rrief descoiptions of contaminant lavels in the tissues of each specles or
group (e.g. earthworms) are provided in the sections that follow. The
common and sclentific namea of all specles discussed (n this section are

listad In Appandlix A,

“«.1.2.1 VagelaLlon

Tva Lypus of terrestrial plants were collected for contaminant analystis.
morning glocy and gsunflower. These speclas were selected because of thelr
ahundant occurrence in sites of contamination and because they are eaten by
lmportant herblvorous species in tervestrial food webs. Morning glories are
consumed by pralrie dogs and sunflowers are consumed by grasshoppers. The
target analytes tn tecrestrial plants ware arsenic, aldrin, dieldrin,

endein, and mercury.

Analysis of stx morning glory samples comprised of the entire above ground
plant revealed arsenic in a single sample (0.535 ppm). and dieldrin {(n two
samples (0.08] and 0.084 ppm). These three samples were all from Basin A.

No other analytes were detected.

Contaminants were detected in flve of seven samples comprised of sunflower
leaves, but not in the seven samples comprised of flowers. Arsenic was
detected In sunflower leaves (4 of 5 samples) from Basin A at
concentrations ranging from ¢0.250 to «.5]1 ppm (Mean » 1.37). Dieldrin was
detected in plants from Basin C at concentrations exceeding 0.300 ppm. and
endrin was detected in plants from Basin C at concentrations of 0.138 ppm.
Figure 4.3-1 shows the contaminant levels by location for each species. The
rangaes and means (as appropriate) of contaminant concentratlons are

presented in Table 4.3-1.

4.3.2.2 Invectgbrotes

The two lnvecrtebrate groups collected (earthworms and grasshoppers) were
analyzed for arsenic, ualdrin. dileldrin, endrin. mercury. UDT. and DDE.
Contaminant values for earthworms and grasshoppers by location on RMA ure

presented {n Flgure 4.3-2.

432




m ar

n )] b+
MOTOR
4 SQO0L ) :
.1 ,4.’}
(e SN \
r_l _/ N\ -
| HAVANA POND \
’ g ‘
(o] .
o i R
Ll b+ commrma I { i N
EXPLANATION
[ morninG GLORY
D SUNFLOWER ‘
9 BOL : BELOW DETECTION LIMIT
DU D = DIELDRIN |
= As = ARSENIC

U E = ENORIN N

-~ STAPLETON INTERNATIONAL f

] AIRPORT

A/

o 12 1 MILE
 ememony S

Figure 4.3-1

CONTAMINANT LEVELS IN RMA
TERRESTRIAL PLANTS

SQURCE. ESE. 1988

Prapared for:
U.S. Army Program Manager’'s Office
For Rocky Mountain Arsenal

Aberdesn Proving Ground, Meryland




. . —
. <0
/ NOATH 80G
Ca ] i ] 19 I )
a4 lwm)l Al o} e ;
o8 BN RS MU 51 T 1) i
BOL{ BOL] 5.80f 7.20] 1.68 H
/ [ !
ap NOMTK X
8 ot 28 \ PLANTS 30 9
| 33 14

o) i
mﬂ-g )

1
LADOQRA
@ CAKE 2
LAKE
UARY

%sour.u eLmrFs_,/J !
' !

OERBY

l | MAVANA POND

&

O

, LANE

AOO AND GUN
CLu8 POND

t
i
i
|
|
'

/UU;-'

» STAPLETON INTERANATIONAL
b AIRPCRT
&/

[l

EXPLANATION
D GRASSHOPPERS
' EARTF WORMS

80L = BELOW DETECTION LiMiT
- = NOT ANALYZED
* = NO ANALYTES DETECTED
N = NUMBER OF SAMPLES
O = DIELDRIN :
Hg = MEACURY
As = ARSENIC
A = ALDRIN
€ = ENDRIN

i —

Figure 4.3-2

CONTAMINANT LEVELS IN RMA
INVERTEBRATES

SOURCE: ESE. 1988

Prepared for:
U.S. Army Program Manager's Office
For Rocky Mountain Arsenal

Aberdeen Proving Ground, Maryland

@‘ o {

(™




5/4/89

Earthworms contained arsenic, dieldrin, endrin, and mercury. DDT. DDE, and
aldrin were not detected. Arsenic was obsecrved at concentrations ranging
from 0.618 to 1.53 ppm (Mean = 1.03) tn all of the eight samples from
Section 5 (onpost control). Arsenic was not observed in the sample from the
South Plants, RMA (contaminated), or in the two samples from Barr Lake
(off-post control). A dieldrin concentration of 1.93 ppm was observed in
the single earthworm sample collected from the South Plants. while one of
seven samples from the onpost control area had detectable levels (5.3 ppm)

of dieldrin.

Endrin was not detected in the sample collected from contaminated sites, but
was detected in one of seven samples from onpost controls at 0.914 ppm.
Mercury was detected in two of eight earthworm samples from Section 5 at
concentrations of 0.216 and 0.245 ppm, and at concentrations of <0.050 and
greater than 2.35 ppm In the two earthworm samples from the Soutrh Plants. In

all offpost control earthworm samples, all analytes were below detection.

Preliminary statistical analysis of earthworm sample data using ANOVA
indicated significant differences among the three sites (onpost controls.

of fpost controls. onpost contaminated). Using Kruskal-Wallls analyses,
onpost controls were contrasted with offpost controls, and control samples
were pooled and compared to samples from contaminated areas. Of all analytes
detected in earthworms, only comparisons for arsenic ytelded significant
differences. Onpost controi samples (Section 5) differed from offpost
control samples and pooled control areas differed significantly (0.05 3 p »
0.01) from contaminated sites. Due to the low sample sizes. differences

between onpost control and contaminated sites may have remained undetected.

Grasshoppers contained arsenic, aldrin. dieldrin. endrin. and mercury. HNo
DDE or DDT was detected. Arsenic concentrations of 0.905 to 6.u ppm (Mean =
3.17) were detected in all of the tour grasshopper samples trom Basin A
(Section 36). Aldrin concentrations of 0.046 to 5.8 ppm (Mean = 1.59) were
detected in all of the four samples from Section 26. Dieldrin was detected

at concentrations of 0.271 to U.446 ppm (Mean = 0.381) in all four samples
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from Section 36, and 0.496 to 7.2 ppm (Mean = 2.53) {n all four samples from
Section 26. Three of four grasshopper samples from Section 26 contained
endrin. Concentrations of endrin in the four samples ranged from ¢0.064

to 1.65 ppm (Mean = 0.528). Mercury was detected only in samples collected
from Section 3¢ (twe of four samples). Concentrations for all four samples
ranged from ¢0.050 to 0.108 ppm (Mean = 0.058). Contaminant values by

location on RMA are shown in Fligure 4.3-2.

In all offpost control grasshopper samples, all analytes were below
detection. Further, no contaminants were detected in samples from the
northwest corner of Section 8 or the northeast corner of Section 7 (onpost

control areas).

Using statistical analysis, grasshopper samples collected Ln Section 26 were
contrasted with those collected from Section 36. onpost controls were
contrasted with offpost controls. and pooled data from control sites were
contrasted with pooled data from contaminated areas. None of the
comparisons for mercury. DDE, and DDT differed significantly. Data on
arsenic differed significantly between the two contaminated sites, and
approached significance (0.10 > p , 0.05) for the comparison of pooliced
control and contaminated sites. Slgnificance was obtalned for comparisons
of aldrin levels between contaminated sites, but 1ot between pooled
contaminated and pooled control sites. Significance was obtained for
comparisons of dieldrin levels between contaminated sites, pooled
contaminated, and pooled controls, but not between cnpost and offpost
controls. For endrin, Section 36 values differed significantly from Section
26, but when pouled, these sites did not differ from either onpost or

offpost controls.

4.3.2.3 Vertehrates
All vertebrates collected for chemical analysis satisfied the criteria of

key species. These criteria are described tn Section 3.2.2 2.

Threatened_aud _Eodaogered_Specles
The only sample collected from a threatened or endangered species was
single bald vagle egg from the abandoned nest at Barr Lake The embryo was

approximately five days from hatching at the time ot abandonment. .and
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exhibited normal devalopment. Residues detected in the egg contents were
0.099 ppm mercury, 0.808 ppm dieldrin, and 6.93 ppm DDE. No arsenic.
aldrin, endrin or DDT were detected. Preliminary evaluation of sediment and
water data from oupost and offpost surveys and existing knowledge of the
feeding habits and foraging range of tha Barr Lake eagles do not indicate
that the contaminant levels were from RMA sources. A more detailed
discussion of effects of RMA contaminants on bald eagles is provided in
Section 5.3.

Blood samples were collected by the USFWS from bald eagles roosting on RMA
during the winters of 1986-1987 and 1987-1988. These blood samples were
sent to Patuxtant Wildlife Research Canter to be analyzed for heavy metals
and organochlorine pesticide contamination. Based e praliminary results,
the eagles roosting on RMA contained very little ~rparv.chlorine pesticide
contamination in the blood. Heavy metals were ‘cuni .n the blood samples
collacted, but concentration levels were in the ra.4e expected for bald
eagles (USFWS, 1988).

Raptors

Raptors are conspicuous components of the terrestrial biota on RMA and. as
predators at the top of the food chain. are highly susceptible to the
effects of bloaccumulatior of contaminants. Specimens of five species of
raptors from RMA were analyzed. American kestrel eggs and young were
callected from onpost and offpost nest boxes as part of the avian
reproduction study. Flve ferruginous hawks, three red-tailed hawks. four
great-horned owls and two golden eagles were found on RMA within one to
three days after they had died. These raptors were necropsied and analyzed.
The kestrel tissues were analyzed for mercury. aldrin. dieldrin. endrin,
DDE, and DDT. Arsenic analysis was not required by the technical plan
because arsenic was not expected to bioacummulate in organisms occupying
higher levels in the food web. The liver and brain were collected from each

of the remaining raptors and analyzed for all of the target analytes.

Dieldrin concentrations detected In the carcasses of six of ten American
kestrels collected on RMA ranged from (0.031 to 1.0l ppm (Mean = (.3lb).

DDE was detected In a single kestrel carcass from RMA at a level ot
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0.219 ppm. No other analytes wers detected in the onpost kestrel samples.

The only analyte datected in kestrel carcass gsamples collected off RMA, DDE »
had a concentration of 0.733 ppm in a single carcass. Eggs collected from Q
kestrel boxes on RMA had detectable concentrations of mercury (8 of 34

samples), dieldrin (17 of 33 samples)., and DUE (1 sample). Contaminant

concentrations ranged from ¢0.050 to 0.405 ppm mercury. from ¢0.031 to [

3.63 ppm (Mean = »0.512) dieldrin, and the single detection of DDE was

1.25 ppm. One of elaven e¢ggs collected offpost contalned 0.057 ppm mercury,

and two eggs contained 0.837 and 1.04 ppm DDE, respectively: dieldrin was

not detected in kestrel eggs collected off RMA. Aldrin, endrin, and DDT 'Y

were not detected in any kestrel samples. Contaminant values for kestrel

eggs and fledglings by RMA location are presented in Figures 4.3-3 and 4.3-4.

Aldrin, endrin, DDE, and DDT did not yield any significant differences for

any of the comparisons. For mercury, no significant difference was observed

between control and contaminated sites, but differences between eggs and

juveniles were significant. In contrast, differences between control and

contaminated sites for dieldrin were significant for both juveniles and

eggs, while no difference was detected between age groups. Both eggs and » {

Juveniles showed higher levels of dieldrin on RMA than offpost: in fact. no

dleldrin was detected in either eggs or juveniles offpost.

Ferruginous hawks are currently considered a candidate specles by the USFWS »
and are discussed separately in this paragraph. The brain and liver tissues
from several ferruginous hawks found dead on RMA were analyzed for all

target analytes. No detectable amounts of arsenic, aldrin., endrin., DDE. or
DDT were found in efther the liver or brain tissues. Mercury was detected

in the liver In one of the five samples analyzed at a concentration of

0.293 ppm. Dleldrin was detected In all flve liver tissue samples at
concentrations ranging from 0.263 to «.79 ppm (Mean = 2.66). Contaminants
detected in ferruginous hawk braln tissues included 0.152 ppm mercury (one

of flve samples). and dieldrin in four of five samples. Levels of dieldrin

in ferruginous hawk brain tissues ranged from ¢0.238 to 9.98 ppm (Mean » 5.07).
Contaminant values for ferruginous hawk as well as other raptors are shown in

Flgure 4.3-5 by location on RMA.
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For the remaining raptors, liver and bratn tissues were analyzed for all
Saven target analytes. Combining the data collectad from red-tailed hawks,
ferruginous hawks, golden eagles and great horned owls provides information
on contaminant concentrations in avian species at the top trophic level.
Only wmercury, dieldrin, and DDE were detected in any of the four species.
DDE was detected in the livers of red-tailed hawks and great horned owls,
and in the brain tissue of great horned owls. Dieldrin was detected in both
the brain and liver tissues of red-tailed hawks, ferruginous hawks, and
great horned owls, but only in liver tissue of the two golden eagles.
Concentrations of dieldrin and DDE often reached high levels in both liver
and brain tissue, with the highest levels generally occurring in great
horned owls. Contaminant levels in liver tissue of raptors ranged from
<0.050 to 0.345 ppm mercury, ¢0.031 to 27.7 ppm dieldrin, and <0.094 to 15.5
ppm DDE. The concentration ranges of contaminants in brain tissue for the
four species are ¢0.050 to 0.152 ppm mercury, <0-175 to 15.6 ppm dieldrin,
and 9.475 to 10.3 ppm DBE.

Two eggs collected from a northern harrier nest by the USFWS contained
dieldrin at levels of 0.303 and 0.676 ppm (Mean = 0.49). No other analytes

were detected.

Yammalian Carnivores

Two mammalian predutors, a coycte and a badger, were found dead (in Section
25 on RMA) and collected for tissue analysis. The coyote contained 7.6 ppm
dleldrin {n liver cissue. No other target analytes were detected: other
tissues were not examined. Tissues analyzed from the badger were liver
tissue for arsenic, aldrin, dieldrin, endrin, and mercury: and kidney tissue
for aldrin, dieldrin au¢ endrin. The llver contalned a dieldrin
concentration of l.64 ppm. and the klidney contained a dieldrin concentration

of 0.801 ppm. WNo other target analytes were detected.

Game_Specigs
Important game species collected on RMA for contaminant analysis {ncluded

waterfowl, ring-necked pheasants, mourning doves., cottontaill rabbits, and
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mule deer. The target analytes in terrestrial game species were arsenic,
mercury, aldrin, dieldrin, endrin, DDE, and DDT. The technical plan does
not require arsenic analysis for mallard tissue or DDE and DDT analyses for

mule deer and cottontail rabbits.

datecfowl--Waterfowl, including mallards collected by ESE. and redheads,
blue-winged teal, and coots collected by the USFWS, were analyzed for
contaminants. Mailards were collected on RMA, as well as from control arzas
offpost, while all the other waterfowl were collected on RMA in the vicinity
of the Lowver Lakes.

For mallards, the carcasses of juveniles and adults, as well as eggs were
analyzed. Mercury, dleldrin, and DDE were detected in both eggs and
juveniles collected on RMA, while only dieldrin and DDE were detected in
adults collected on RMA. Mercury and DDE were detected in adults and egas
ccllected offpost, and no target analytes were detected in of fpost
juveniles. Concentrations of mercury were detected in two of three onpost
juvenile mallard carcasses (0.061 and 0.066 ppm) and one of eight offpost
adult carcasses (0.061 ppm). Concentrations of dieldrin were detected {n
two of three onpost juveniles and thrae of eight onpost adult mallards. No
dieldrin was datected i{n either juveniles or adults collected offpost.
Dieldrin concentration in onpost mallards ranged from ¢0.031 to 0.522 ppm in
juveniles, and from ¢0.031 to 4.53 ppm in adults. DDPE in mallards was
detected in one of three juvenile carcasses collected onpost, four of eight
onpost adult carcasses, two of eight offpost adults, and zero of six offpost
juveniles. Detectable DDE concentrations ranged from <0.094 to 0.507 pom in
onpost juvenile carcasses, frow below detection limit to 0.360 ppm in onpost

adule carcasses, and <0.094 to 1.02 ppm in offpost adult carcasscs.

Two mallard egygs collected tn Section 1 on RMA contained concentratlions of
0.173 and 0.185 ppm (Mean = 0.179: N = 2) mercury, 3.0 and 4.89 ppm (Mean =
3.941 N = 2) dieldrin, and 0.606 and 0.919 rpm (Mean » 0.762: N= 2) DDE.

Contaminants detected in mallard €g8s collected off RMA included mercury

(range of ¢0.050 - 0.186 ppm in five of ten samples; Mean « 0.068) and DDE
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{range of ¢0.09¢ - 1.35 ppm in six of ten samples; Mean = 0.302). Offpost
mellard eggs contained contaminant concentrations of ¢0.050 to 0.186 ppm
(Mean « 0.068) mercury and ¢0.094 to 1.35 ppm (Mean = 0.302) DDE.

Contaminant levels in mallards are shown for each location in Figure 4.3-6.

Statistical analysis of mallard data contrasted RMA with offpost areas for
gach type of tissue collected: egg, juvenile carcass, and adult carcass.
Differences among age groups when contaminated and control site data were
pooled were also analyzed statistically. For mercury, significant
differances were found between juveniles from control and contaminated
siteg, as well as differences among age groups when contaminated and control
sitey were penied. For dieldrin, significant differences were identified
between control and contaminated sites for eggs (p<0.001) and juveniles
(0.055p>0.01), and differences approached significance (0.10>p>0.05) for
adults. Contrasts of pooled contaminated and control sites revealed no
differences among age groups for dieldrin. Althcugh none of the statistical
tests for DDE revealed significant differences among treatment groups.,
significance was approached (0.105p>0.05) tn the initial comparison of the
six g.oups, as well as in the a priori contrasts of control and contaminated
sites for eggs. and the comparison among age groups when sites were

cowbined. 4ldrin, endrin, and DDT were not detected in any tissuves.

Addlt.ional waterfowl samples were collected at Upper Derby Lake on RMA.
Hzrcury concentrations in liver t!ssue ranged from a low of 0.08 ppm found
in a redhead to a high of 1.77 ppm found in an American coot. Dieldrin
lavels in liver tissue ranged from a low of 0.106 ppm to 0.747 ppm. DDE,
aldrin, and endrin were detected in a single liver sample each, at
concentrations of 0.156 ppm, 0.088 ppm, and 0.074 ppm, respectively. Muscle
tissue analyzed in the three waterfowl species contained levels of mercury,
dieldrin and DDE between ¢0.050 to -559 ppm. <0.062 to 1.77 ppm. and <0.094
to 0.313 ppm, respectively. Contaminant levels in these addi{tional

waterfowl are shown by kMA location in Figure &4.3-7.

Bing-necked Pheasant--Juvenile and adult ring-necked pheasants were

collected both on and off RMA and analyzed for arsenic, mercury, aldrin,

L-44
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dieldetn, DBE and DDT. Samples were collected on RMA from lnterlor sections
neuy aources of contamination (Sections 26, 30, 31, 6, and 2 near the Lower
Lakea and South Planta) and from parlaeter avctlons (Sectlons 23, 24, 20,
and 8). Juvenilea cnllscted on KMA contalned detectuble levels of acsenic
(Y ot 1l sampluxwi one wach from Sectiona 23 and 26, and near lLowwr Derby
lake) and dieldrin (3 of 12 samples) In caccaas tlsgsue, while only dieldrin
wag detectad In adult carcasses collected on RMA (3 of 4 samples). All of
the samples containing detectable levela of dieldrin came from interlor
sectlons of RMA.  Avsenlc concentrations tanged from (0.250 vo 1.82 ppm in
Juventles. while dieldrin concentrations ranged trom <0.031 to 1.33 ppm in
Juvenlle carcasses, and from ¢0.CY o 2.92 ppm (Mean « 0.767) in the
cavcassesy of adults collected on RMA. Two juvenlle pheasants collected

of fpost were found to contaln concentratlons of arsenic (0.72 and 1.4 ppm)
and one juvenlle pheasant collectwd from a coun.ry club tn Larimer County
contatned ld.6 ppm dieldvin, and 1.)& ppm of DDE. This concentration of
dieldrin was the highest detected tn any of the pheasants analyzed. No
targetl analytes were dotocted in the carcass tlissues of adults collaected
ottpast. Contaminant values by location for phsasant carcass samples are

shown tn Flgure 6.3-8.

Ring-neckad pheasant eggs ware cnllacted both on and offpogt and analyzed
for all seven target analytes. No contaminanta wete detected In eggs
vollected off RMA, while wost eggs collected on RMA (9 of 1l) contained
dieldrin. Concentrations of dieldrin ranged from (0.031 to 5.38 ppm (Mean =
1.12)- One egg collected on RMA also contalned 0.143 ppm endrin. No other
tavget analytes were detected. Contamlnant values for RMA pheasant eggs are

shown in Flgure 4.)-9.

Ring-necked phessant sawples were statistically contrasted by offpost

EE G O = 2 EE IE S I G Ok BN Sh S

control versus onpost areas. and by age groups (egg. Jjuvenlle. ocr adult).

No significant differences iun levels of mercury, aldeln. endrin, DDE. or DOT
wetd obtained for any contrasts. No signiticant differences tn levels of
arsenic were detected bhetween control and RMA sltes within anv of the three

age groups, but gigniflcant differences were revealed among age groups for
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arsenic. Juveniles, both on and offpost, contained significantly higher
levels of arsenic. No adult or egg samples contained any detectable
arsenic. 1In contrast, glignificant differences between control and RMA sites
for eggs and juveniles (but not adults, probably due to small sample size)
ware obtained for dieldrin. The preliminary ANOVA was also significant for
dieldrin.

Additional pheasants were collected at onpost and offpost locations by MKE

in support of Shell investigations. Twenty individuals from RMA and two

from offpost were analyzed for RMA target analytes. Muscle and liver tissue

were analyzed rather than the carcass as had been done with the pheasants
collected under the Biota Agsessment Program. Both tissues were analyzed
for organochlorine pesticides (aldrin. dteldrin, endrin, DDT and DDE)., but
only muscle tissue was analyzed for arsenic and mercury because of the

limited amount of liver tissue available.

Two of 22 muscle tissue samples and four of six liver samples collected on
RMA by MKE had concentrations of dieldrin above the certified reporting
limit (CRL) (Table 4.3-2). DDE, endrin., (one hit each). and arsenic (two
hits each) were also detected In pheasants from RMA. All of the samples
that contalned detectable contaminant concentratlons were collected from
interior sections of RMA. None of the tissues from pheasants collected
offpost contained detectable levels of the target analytes. Contaminant
levels and locations for these additional RMA pheasant samples are included

in Figure 4.3-8.

Maourning Daves-- Two mourning doves found dead on the lawn of RMA
headquarters (Building l11) were collected and analyzed for arsenic.
wmercury. aldrin. dleldrin, endrin, DDE. and DDT.- Concentrations of
contaminants detected i the carcass samples were (0 063 and 1.83 ppm
aldrin, ¢0.800 and 3.<4 ppm DDE. and 5 5 and $6 3 ppm dieldrin. These are
the highest concentrations of dieldrin detected in any of the species
analyzed and exceed FDA action limits. The liver from a third dove.

collected on 7th Avenue between Sections 36 and 1. was analyzed and
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contalned contaminant concentrations of 7.37 ppa dieldrin and 3.74 ppm
endrin. No other target analytes were detected. Contaminant levels in

mourning doves by RMA location are shown on Flgure 4.3-7.

Cottontall Babhits--Cottontail rabbits were collected from contaminated
(Section 36) and uncontaminated areas (Sections 19, 20) on RMA and from

of fpost control areas; muscle tissue was analyzed. Target analytes were
arsenic, mercury, aldrin, dieldrin, and endrin. DDE and DDT analysis wes
not required by the technical plan. No contaminants were detected in muscle
tissue collectsd from onpost or offpost control areas, and only dleldrin was
detected in samples collected from contaminated areas. Dieldrin was

detected in three of seven samples at levels of 0.033, 0.048, and 0.092 ppm.

Contaminant values for RMA cottontalls are shown by location on Figure 4.3-10.

Statistical contrasts included comparison of onpost and offpost controls.
and comparisons of pocoled controls with the contaminated sites. No
significant difference was observed between onpost and offpost control
areas, but the a prierl contrast of pooled controls and the contaminated

site was significantly higher for dieldrin from the contaminated site.

Mule_ Deec-- Fourteen mule deer were collected on RMA and two mule deer were
collected from offpost control areas. Liver and muscle tissues were
analyzed for arsenic, mercury, aldrin. dieldrin, and endrin. No target
analytes were detected in efther tissue from control deer, and no
contaminants were found in muscle tissue of deer collected on RMA. Dteldrin
was detected In liver tissue of one of the l# deer (0.187 ppm) collected
onpost. No significant differences in levels of contamination in liver or
muscle tissue were detected for any comparisons of control and contaminated

sites. Mule deer collection sites on RMA are shown in Flgure &4.3-11

Black-talled_Braizie _Dog

While waterfowl., ring-necked pheasants. cottontail rabbits. jackrabblts., and
small rodents ace all important prey specles on RMA. the most abundant prey
species and the most important {n relation to bald eagles wintering on RMA

is the black-tatled prairie dog (ESE, 1988b, RIC#88l174R03). Prairie dogs
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were collected for contaminant analysis during vinter and summer months [n
order to detect any seasonal differences in contaminant levels in this prey
specles. Samples were collected from onpost contaminated zreas (Section
36)., onpost control areas (Sections 19, 20)., and offpost control areas.
Samples were also collected from the Toxic Storage Yard (TS5Y). which is an
important perching and foraging area for raptors. Tissues were analyzed for
arsenic, mercury, aldrin, dieldrin, and endrin. DDE and DDT analyses were
not required by the technical plan. Dieldrin was detected in the tissues of
prairie dogs from the TSY. Subsequent soil testing by MKE has shown that
dieldrin is present in the soils near the TSY, confirming soil as the
probable (state plane coordinates 2190763 East, 185264 North) source of
prairie dog contamination. Arsenic and dieldrin were detected ln carcasses
from onpost contaminated areas, while no contaminants were detected In
carcasses from offpost control areas and only dleldri.: was detected in

carcasses from onpost control areas.

Arsenic levels in pralrie dog samples from contaminated areas were 0.478 and
0.741 ppm in two of n.ne samples from Section 36 in summer, all below
detectton limit (N = 5) from Section 36 in winter, and 4.22 ppm in one of
five samples from the Toxic Storage Yard in winter. Dieldrin from
contaminated areas ranged from 0.233 to 13.4 ppm (Mean = 2.03: all nine
samples) from Sectlon 5 in sumumer, from 0.119 to 6.18 ppm (Mean w» 1.44: all
five samples) from Section 36 in winter, and from 0.064 to 0.155 ppm (Mean =
0.114; all five sampies) from the Toxic Storage Yard Iin winter. Dieldrin
was detected i prairie dcg carcasses in two of nine samples from onpost
control areas in summer (0.064 and 0.346 ppm), in one of five samples from
onpost control areas in winter (0.096 ppm), and ln zero of eight szmples
from offpost ccntrol areas in summer. The kidneys from five prairie dogs
collected {rom Section 36 were analyzed for arsenic, mercury, aldrin,
dieldrin, and endrin. Mercury concentrations ranged from ¢0.10 to 0.356 ppm
(Mean = 0.178). Three of the five samples contained detectable levels of
mercury. Concentrations of dieldrin ranged from ¢0.248 to 1.54 ppm. Two of
the five .amples contained detectable levels of dleldrir. No other aralytes

were detected. Contaminant levels in prairie dogs are shown on Figure
4.3-12.
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Prairie dog samples were statistically contrasted by site .n. season.
Seasonal differences were compared between Section 36, summer versus winter,
and between onpost control areas, summer versus winter. Analysis of
seasonal differences revealed that only dieldrin had signiflicantly higher
contaminant levels in summer than winter in toth Section 36 and onpost
control areas. All other seasonal contrasts were not significant.

Section 36 (summer and winter combined) was then contrasted to the Toxic
Storage Yard, while onpost control areas (summer and winter comblined) were
contragsted to offpost controis. A final comparison was made between pooled
contaminated samples (Section 36 and the Toxlc Storage Yard) and control
sites (on and offpost). Dieldrin levels were significantly higher in
samples from Section 36 than in samples from the Toxic Storage Yard and
higher in samples from onpost controls than samples from offpost controls.
Analysis of pocled samples for dieldrin revealed highly significant
differences between contaminated sites and controls. Comparisons for
mercury, aldrin, endrin and arsenic falled to yield any significant
differences, although arsenic approached significance (0.10>p>0.05) for the

comparison of pooled control sites with pooled contaminated sites.

An additlional 16 black-talled prairie dogs were collected at RMA by
Shell/MKE for tissue analysis. Shell/MKE also collected four individuals at
Buckley Air National Guard Base (Buckley) as an offsite comparison. Tissue
analyses were conducted on two prairie dog samples from Section 26, four
from Section 36, four from Section 30 north of the TSY, two from Section 27,
and four from Section 9 on RMA (Figure 4.3-13). Tlssue analyses were
conducted on all four prairie dog samples from Buckley. Analytes were

arsenic, mercury, aldrin, dieldrin, endrin, DDT, and DDE.

The only analyte present {n detectable concentrations was dieldrin (Table
4.3-4). None of the four samples from Buckley showed dleldrin. while all of
the samples from Sections 26, 36, 30. and 27 on RMA had reportable
concentrations. None of the four samples from Section 9 on RMA. which

served as an onpost control. had detectable levels of dieldrin.

These data are consistent with the data presented earlier. Particularly

notable about these data are: (1) the general similacrity in levels of
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dleldrin from Sections 26 and 36, (2) the order-of-magnitude lower levels
north of the TSY and Section 27, and (3) the absence of detectable levels of
dieldrin from Section 9.

4.3.3 CONTAMINANTS IN AQUATIC ECOSYSTEMS

©.3.3.1 Documentation of Previous Costaminatiou in Sedimept _and Agquatic
Biota

Studies of the Lower Lakes (South Lakes) ecosystems were conducted prior to

initiation of the RI by the U.S. Fish and Wildlife Service (Rosenlund et

al. 1986) and the U.S. Army Engineer Waterways Experiment Station (Myers et

al., 1983; Myers and Gregg, 1984).

In thelr 1982 study of Upper and Lower Derby lakes and Rod and Gun Club
Pond, Myers et al. (1983) focused on confirming the presence, distribution,
and concentration of aldrin, dieldrin, endrin, and mercury in lake sediments
and adjacent inflow canals. Myers et al. (1983) found dleldrin in 100X of
44 samples from the top one foot of sediments in Lower Derby. The mean
dieldrin concentration of these samples was 0.034 ug/g- Mercury was
apparently analyzed In only ten of the samples. Of these. five were below
the detection limit of 0.1 ug/g;: the other five have a mean mercury
concentration of 0.818 ug/g. The data presented by Myers et al. (1983)
showed that concentrations of contaminants were highest in the u,oer layers,
in organic materials, near the inflow channels, and in the deepest water.
lLower concentrations were generally found in deeper layers of the sediments,
in clastics, and in shallow water. Lower Derby Lake and the main body of
Upper Derby Lake showsd higher levels of the contaminants tested than the

Rod and Gun Club Pond and the eastern arm of Upper Derby lLake.

A similar study of Lake Mary and Lake Ladora sediments was conducted in 1983
(Myers and Cregg 1984). This study also showed that pesticide
concentrations were highest in the upper layers of sediment. Areas with
highest concentrations of pesticides and mercury in Lake lLadora were the
inlet channel, the "inlet pool” where the channel enters the lake. and an
ares near the uiddle of the lake. No such distinct patterns were evident

for Lake Mary.
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Aldrin was the most ubiquitous of the four contaminants tested by Myers and
Gregg (1984), being present above the detectlion limit in 49 of the 50 upper
layer (0-30 cm) samples (98%) and 117 of the 145 total samples (81%).

Dieldrin also was found in 98% of the upper layer sediments. but fewer (64X%)
of the total samples. Endrin was detected in only 58% of the upper layer
and 34% of the total samples. Mercury was present in 91 of the 145 total
samples (63%) and was uniformly distributed throughout the 9..5 cm of bottom
material collected. Mean concentrations reported by Myers and Gregg (1984)
for the upper layer of sediments in lakes Mary and Ladora were as follows
(maximum values are shown in parentheses): aldrin--0.0053 ppm (1.70 ppm):
dieldrin--0.0051 ppm (0.110 ppm): and mercury-~0.1l5 ppm (2.22 pm). In all
cases, means were calculated by assigning half the detection limit to BDL
values. Detection limits were 0.0002 ppm for the pesticides and O | ppm {nr

mercury.

Analyses by Rosenlund et al. (1986) of water samples from Lower Derby Lake.
Lake Ladora, and Lake Mary revealed no values above detection limits for
aldrin, dieldrin, endrin, or mercury. Detection limits were in the parts
per blllion range for mercury and tenths of a part per billion range ior
organochlorine pesticides. Similar results had been obtained in 1983 by
Bergerson et al. (1984). Myers and Gregg (1984) found dieldrin at a3
concentration of 0.02 ppb in a sample of water from Lake Mary. but not irom
Lake Ladora. Their study of Upper ard Lower Derby Lakes (Myers et al. 1983)

did not {nclude water samples.

The Rosenlund et al. (1986) studies addressed lakes Mary. Ladora. and Lower
Derby. Organisms sampled included six fish species--northern pike.,
largemouth bass, bluegill, black bullhead. channe:i catfish. and carp: two
amphiblans--bullfrogs and "toads™: five groups of aquatic invertebrates--
dragonflies, damselflies, chironomids. crayfish. and snatls: plankton
(including both phytoplankton and zooplankton}: and four species of aquatle
macrophytes~-American pondweed. leafy pondweed. northern water-milfoll., and
coontail. Sampling was conducted flve times during 1984 in order to
determine any seasonal variations. Each lake was divided lnto quarters for
sampling, aud four areal subsamples were recombined (“pooled”™) to provide a

single composite sample for each lake.
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Results of the Rosenlund et al. (1986) studies are dascribed in the
following subsections, organized by lake and contaminant. Discussions of
their findings are followad by summaries of studies conducted by Shell/MKE

in 1986 and 1984

The l<a~ She.. “¥Y sasp.:.g program included aquatic plants, plankton., and
tisn The locatio~s ard nuamvber of samples collected were as follows:

TOMSCS e phvl: o Ioep.ynalon samp.es from Lake Mary (n e 3), Lake Ladora

N e ~wwer .e°*. ase 2 e ) . and Norih Bog (n = 3); aquatic
BT cTrtes o0 Leeer. lrtm lakes Marv and Ladora (two samples each): whole
Tdem Tt .. tm yees Mare _ower Derby. and Ladora (three samples
er - tTée®™ T Cass C o Lets -cm lake Mary (n e 2)i whole blueglll from
1o = .- 't¢ 7t v e 3 and Lower Derby (n = 3): bluegill
. T ores . wercnern pike fillets from Lake Ladora aud
. . 1o cestert ..oy ¢ shole black bullhead from Lower
- - Py > tx.e towmpesite samp.e of fathead minnows from North
.
Tte Lsce lte MNP 13u3t:0 samp. ing program included whole largemouth bass

troom Mo¥ay lake  :frost control) and lLower Derby (five samples each): whole
biteg:il. trom Mcrav Lake -n e 0) and Lower Derby (n = 5): bass fillets and
remains from McKay Lake and Lower Derby (five sampies each); and bluegill

fillets and remains from McKay Lake and Lower Derby (five samples each).

Table 4.3-5 presents the results of tissue analyses performed on aquatic
blota samples collected during the RI in 1986 and 1988. As described more
fully in Section 4.3.3.5, the 1986 program emphasized comparisons among
lakes., species. and tissuae types on RMA, while 1988 program was directed

primarily at onpost-offpost comparisons.

4.3.3.2 Contamination. in_Agquatic Blota_in_Lower_Derhy_Lake
Aldcin--Rosenlund et al. (1984 data) reported that 72% of the 47 samples of
biota analyzed for aldrin were above the detection 1imit. Organisms with
detectable concentrations of aldcin included pondweeds. pike, bass,
bluegill, young-of-year bullhead catfish, csrp, chironomid insect larvae,
and plankton. Mean aldrin levels were greatest in bass viscera (0.30 ppm),

followed by pike viscera (0.174 prm), plankton (0.153 ppm), and chironomids
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(0.03 ppm). Mean aldrin concentrations were much lower in fillets of bass
(0.009 ppu) and pike (0.005 ppm), and aldrin was not detectad in crayfish,

dragonflies, damselflies, bullfrogs, or toads.

Raviges of aldrin concentrations reported by Rosenlund et al. (1986) were
from ¢0.002 to 0.0l7 ppm in two specles of leafy pondweed., 0.040 to 0.260
ppm in plankton, and ¢0.002 to 0.014 ppm for fish fillets. The two bass
viscera samples analyzed contained aldrin levels of 0.212 and 0.388 ppm: the

four pike viscera samplaz ranged from 0.106 to §.261 ppa.

Shell/MKE found no levels of slirin above the certified reporting limits
(CKL) in samples of macrophytes. plankton. black bullhead. bluegill.
largemouth bass, and northern pike tissues from Lower Derby Lake in 1986.
Howaver, samples of bluegill and largemouth bass collected from Lower Deroy
Lake in 1988 revealed aldrin concentrations of ¢0.02 to 0.053 ppm in
largemouth bass remains and ¢0.02 to 0.044 in bass fillets. This
discrepancy probably is due either to differences in sampling season (fall

in 1986, spring in 1988) or the size (age) of the fish analyzed.

Dieldrin-~Rosenlund et al. (1984 data) reported that 85% of 47 samples of
blota snalyzed for dieldrin were above the detection limits. Organisms with
detectahle concentrations of dieldrin included pondweeds, pike, bdass,
bluegill, bullhead catfish, carp, crayfish, chironomids., piankton, aquatic
snails, and tosds. Dieldrin levels were greatast in pike and bass viscera,
with ranges of 1.311 to 2.384 ppm and 4.294 to 6.500 ppm, respectively. The
highest mean concentrations of dieldrin in Lower Derby aquatic biota were

for the viscera of bges (5.397 ppm) and ptke (1.942 ppm).

Dieldrin concentrations varied greatly among species groups in the 1984
samples from Lower Derby Laka2. For example, values in fillets ranged from a
low of 0.039 ppm in a pike sample toc a high of 0.420 ppm in a bluegill
sample. The range of dlieldrin in plankton samples was slightly higher, from
0.060 to 0.500 ppm dieldrin (mean of 0.216 ppm). Leafy and American
pondveed combined yielded a range of (0.004 to 0.127 ppm, with dieldrin
levels in leafy pondwead generally greatsr than American pondweed (means of

0.059 and 0.044 ppm, respectively). Dieldrin levels for other organisms
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included ¢0.02 to 0.05 ppm in crayfish, and single sawple values of 0.210

and 0.240 ppm in chironomids and toads, respectively.

Dieldrin wss detected above CRLs in 67% of fish tissue samples from Lower
Derby Lake in 1986 Shell/MKE studles (Table 4.3-5). Values ranged from
0.085 to 0.209 ppm in whole-body samples of black bullhead, bluegill, and
largemouth bass; one of the thres bass samples was below the CRL. All three
northern pike flllet samples were below the CRL (no whole bodies or tissues
other than fillets were analyzed for pike). Dieldrin was not detected above

CRLs in macrophyte and plankton samples in 1986.

The 1988 Shell/MXE study showed dieldrin leve s above the CRLs in 82% of
largemouth bass tissues and 67% of bluegill samples analyzed. Biluegill
whole-body concentrations of dieldrin ranged from 0.056 to 0.129 ppm.

Values for largemouth bass ranged from 0.138 to 0.370 ppm in fillets and
from 0.100 to 0.860 ppm in remains (whole body minus fillets). A composite
of five swmall bass whole bodies was below the CRL. Values for
“reconstruycted” bass whole bodies were derived from 1988 data by recombining
the concentrations in fillets and remains for tndividual fish. These were
larger fish than those used for actual whole-body samples. The mean
dieldrin concentracions for reconstructed bass whole bodies from Lower Derby

Lake was 0.375 ppm (range of 0.067 to 0.644 ppm).

Endcin--Only 13% of the 47 btota samples for Lower Derby in the 1984
Rosenlund et al. study has levels above detection limits. The two groups
of samples with detectable values were pike and bass viscera, with a
combined concentration range of 0.040 to 0.210 ppm. Endrin was not detected

above the CRL for any biots samples in the 1986 and 1988 Shell /MKE studies.

QDE--The Rosenlund et al. 1984 study did not include analysis for DDE. The
Shell/MKE studies: however, did include an.lysis for DDE In both 1986 and
1988. In 1986, only one black bullhead whole-body showed a detectable level
of DDE (0.098 ppm). In contrast, the 1988 data showed DDE above the CRL in
82% of the largemouth bass samples. DDE levels ranged from 0.182 to 0.684
ppe in fillets and from 0.101 to 0.839 nym {n remains. As with aldrin, this

discrepancy way have resulted from the different sampling season or the size
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of the fish analyzed. DDE was not detected above CRLs in macrophyte and
plankton samples in 1986.

Maxcury~-All of the 47 biota samples from Lower Derby Ls“e analyzed for
mercury in the Rosenlund et al. 1984 study contained levels above the CRL.
Fish flllets tended to have the highest levels of mercury, with mean
concentrations of 1.90 ppm i{n pike fillets, 1.74 ppm in adult bullheads,
1.510 ppm in bass fillets, 0.62 ppm in 24-32 cm carp fillets, 0.58 ppm in
young-of-year bullheads, and 0.51 in bluegill fillets. Mercury
concentrations for other speclies groups (in decreasing order) were as
follows: dragonflies--0.50 ppm: amphibians--0.38 ppm; crayfish--0.31 ppm:
American pondweed--0.25 ppm: leafy pondweed--0.24 ppm; damselflies--0.23
pym; plankton--0.20 ppm. Chironomids were not analyzed because of
insufficlent sample size.

Variation within species groups was greatest for fish [illets, which ranged
from a low of 0.25 ppm for one bluegill sample to a high of 2.45 ppm for one
pike replicate. Other ranges included ¢.19 to 0.59 ppm for fish viscera
(bass versus pike), 0.18 to 0.28 for damselflies, 0.17 to 0.42 ppm for
crayfish, 0.09 to 0.31 ppm for plankton, and 0.03 to 0.18 ppm for aquatic
snails.

In the Shell/MKE study. 66% of the 1986 and 1988 fish samples from Lower
Derby Lake contained lavels of mercury above the CRL (Table 4.3-5).
Northern pike fillets analyzed in 1986 contained the highest mean
concentration (0.405 ppm), followed by largemcuth bass whole bodies
(0.066 ppm). One of three black bullhead whole bodies showed mercury
0.0516 ppm, while all of the bluegill whole bodies was below the CRL of
0.05 ppm. In 1988. largemouth bass fillets contained mesn mercury
cuncentrations of 0.369 ppm compsred to 0.250 ppm for bsss remains and
0.098 for B compnsite of {ive small largemouth bass whole bodles.
Reconstructed whole bod'es of bass from Lower Derby Lake had a mean mecrcury
concentration of 0.294 ppe (range of 0.183 to 0.394 ppm). Blueglll whole
bodies aversged J.056 ppm (half were below the CR1L). Mercury was not

detected above CRLs in macrophyte and plankton samples.
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The Shell/MKE studies in 1988 included an offpost control lake (McKay Lake)
for comparison with Lower Derby Lake; only bluegill and largemouth bass
tissues were analyzed. All contaminants were below CRLs for McKay Lake,
with the exception of mercury, which was Jdetected above the CRL in 87% of
the fish samples. Mean mercury concentrations in McKay Lake fish were as
follows: bluegill fillets--0.188 ppw; bass fillets--0.152 ppm: bluegill
remains--0.104 ppm: bass remains--0.084 ppm: and bass whole bodies--0.08¢
pps. Mercury levels in recoastructed whole bodles (fillets plus remains)
from McKay Lake ranged from 0.088 to 0.178 ppm (mean of 0.141) for bluegill,
and from 0.086 to 0.157 (mean of 0.109) for bass.

4.3.3.3 Contasination in Agquatic Biota in Lake Ladora

Aldrin--Rosenlund et al. (1984 data) did not find extensive aldrin
contamination in the aquatic biota sampled in Lake Ladora. Indeed. only
aquatic plants, fish viscera, and one plankton sample contained
concentrations above the detection limit, comprising 15% of the 51 samples.
Mean aldrin concentrations were universally low, with 0.014 ppm in plankton,
0.007 ppe in aquatic plants, 0.004 ppm in bass viscera, and 0.002 ppm in
bluegill viscera.

Shell/MKE found no detections of aldrin above CRLs in any aquatic biota
sawples from Lake Ladora in 1986 (Table 4.3-5).

Dieldcrin-~-The Rosenlund et al. 1984 study of Lake Ladora reported dleldrin
concentrations above detection limits {n 86% of 51 sampies. As in lower
Derby Lake sumples, mesn dieldrin concertratlions were grestest in fish
viscera. with bass (0.476 ppm) > bullhesads (0.297 ppm) > bluegill

(0.202 ppm). Other samples showved a pattern of plankton (0.086 ppm) >
aquatic plants (0.037 ppm) > aquatic snails (0.030 ppm). Dieldrin wes not

abuve detection limits i{n chironomids. dragonfllies. and dawselflies.

Aquatic mscrophytes, which represented the greateat biomass irn Lake Ladora.
had disldrin concentratior.s ranging from 0.008 to 0.171 ppm. Viscera of
fish species combined contained higher dieldrin concentrations than fillets,

with ranges of 0.028 to 0.780 ppm versus 0.012 to 0.160 ppm, respectively.

" Piankton samples varied from 0.050 ppm to 0.130 ppm.
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In the Shell/MKE 1985 analyses of fish tissues from Lake Ladors, 75% of the
samples were above CRLs for dieldrin (Table 4.3-5). The mean concentrations
in bluegill whole bodies was 0.100 ppm, compared to 0.027 ppm in bass whole
bodies. Pike flllets had a mean concentration of 0.044 ppm. Dieldrin was

not detected above CRLs in macrophyte and plankton samples.

Endrip--Endrin was detected at low levels i{n 8% of the 51 samples in tha
Rosenlund et al. 1984 study. These samples include one bluegill and one
bullhead fillet at concentrations of 0.01C ppm each, and two bass viscera
samples at 0.020 ppm and 0.030 ppm. Endrin was not detected during the
Shell/MKE analyses of aquatic biota tissues from Lake Ladora in 1986.

Mercury--The Rosenlund et al. 1984 analyses showed that 91% of the 45
samples contained mercury above the detection limits. Agc in samples from
Lower Derby Lake., mean mercury concentrations were highest in fish flllets,
with pike (2.94 ppm) > bass (2.44 ppm) » bluegill (0.87 ppm) > bullhead
(0.42 ppm). Mean mercury concentrations for other groups were as follows:
plankton-~0.39 ppm: aquatic plants--0.28 ppm; and dragonflies--0.123 ppm.
Ranges of mercury values in fish fillets were from 0.3]1 ppm for one bullhead
sample to 3.45 ppm for one pike sample. For viscera. values ranged from
0.04 ppm (bullhead) to 1.52 ppm (bass). No pike viscera were analyzed.
Aquatic plants varied from 0.14 to 0.75 ppm, plankton from 0.05 to 0.50 ppm,
and dragonflies from 0.04 to 0.17 ppm.

Shell/MXE detected mercury above CRLs in all fish sampiles 'n the 1986 study
of Ladora Lake (Table 4.3-5). Values ranged from 0.059 ppm for one bluegill
ssmple to 0.365 ppm for one pika fillet sample. Mean mercury concentrations
in fish were ss follows: ptke fLllets (0.328 ppm) > bass whole bodles
(0.182) > bluegill whole bodies (0.084 ppm). Mercury was not detected above
CRLs in macrophyte and plankton samples.

4.3.3.4 Contamioation {n_Aquatic.Bicta_in_lLake Macy
Aldrin--Rosenlund st al. (1984 data) found low levels of aldrin in plankton.
sguatic plants, fish fillets, and fish viscers samples from Lake Mary.

Aldrin was not found above detection limits in macroinvertebrates (insect

4-68

@Al.’i\



eIV IU DAWRL MY 0

5/4/89

larvas) or aquatic snails. Aquatic plants--including American and leafy
pondweed, northern water-m{lfoil., and coontail--varied in aldrin
concentrations from ¢0.002 to 0.043 ppm. Channel catfish contained the
highest wean aldrin concentrations among fish spe~ies, with a value of

0.04]1 ppm for the single viscera sample and 0.034 for fillet samples. Other
values in fish ranged from ¢0.002 to 0.003 ppm for bass and bluegill.

Aldrin in plankton samples ranged from ¢0.01 to 0.03 ppm. The Shell/MKE
1986 study of contaminants in Lake Mary detected no aldrin values above CRLs
in the aquatic biota analyzed (Table ¢.3-5).

Dieldcin--Dieldrin was reported above the detection liamit in 79% of 47
aquatic biota samples from Lake Mary in 1984 (Rosenlund et al.. 1986). The
greatest concentrations of dieldrin were detected in channel catfish viscera
and fillets. with mean concentrations of 0.527 and 0.402 ppm. respectively.
Other concentrations were as follows: bass viscera (0.134 ppm) > bluegtl!
fillets (0.066 ppm) > bass fillets (0.023 ppm) > plankton (0.065 ppm) >
aquatic macrophytes (0.062 ppm). Dieldrin was detected at very low levels
in aquatic snails (0.020 ppm) and dragonflies (¢0.020 to 0.070 ppm), but not
at all in chironomid or damselfly larvae. Dieldrin was deéected above CRLs
in 50% of fish samples analyzed by Shell/MKE in 1986 (Table 4.3-5).

Detected values ranged from 0.031 to 0.158 ppm for bluegill whole-body
sswples, with a mean of 0.085 ppw. For bluegill fillets, dieldrin was
detected ln one of three samples, at 0.04]1 ppm. Similarly, one of three
bass whole-body samples had a detectable concentration of dteldrin

(0.115 ppm). Dieldrin was not detacted above CRLs in macrophyte or plankton

samples.

Endcin--Endrin was reported by Rosenlund et al. (1986) to be above detection
limits in 15% of the aquatic blota samples collected from Lake Mary in 1984.
Only two coontail samples (0.02 ppm and 0.0l ppm) were above detection
limits: all other macrophytes and all {nvertebrates were below detection
limits. Of the fish tissues analyzed, only channel catfish {illets and
viscera were greater than the 0.01 ppm detection limit, with endrin

concentrations of 0.05 and 0.06 ppm. respectively.
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Endrin values wsre below the CRLs from analysis of all aquetic biota during
the Shell/MKE 1986 study of Lake Mary.

Marcury-~Rosenlund et al. (1984 dats) detected mercury in 92% of aquatic
biota samples analyzed. Mean mercury concentrations in fish were as
follows: bluegill fillets (0.51 ppm) > bass fillets (0.50 ppm) > catfish
fillets (C.28 ppm). Values for viscera vwere 0.34¢ ppa for bass and 0.12 ppm
for catfish. Mer u:ty concentrations in other species groups were 0.25 ppm
for macrophytes, 0.21 ppm for damselflies. 0.19 ppm for plankton, and 0.176
ppm for dragonflies, and 0.04 for chironomids. Mercury was not detected (n
the single sample of aquatic snails. In their 1986 study, Shell/MKE found
mercury above the CR: in 57% of bluegill and bass tissue samples (Table
4.3-5). Mean concentrations were similar, with the following trend:
bluegill fillets (0.074 ppm) > bass fillet (0.101 ppm) > bass whole bodles
(0.066 ppm) > bliegill whole bodies (0.061 ppm). Mercury was not detected

above CRLs in macrophyte or plankton samples.

Arsenlc--Shell/MKE 1986 studies of Lake Mary detected arsenic above CRLs in
both mascrophyte samples (0.782 and 0.465 ppm), as wsll as one plankton
sample (0.432 ppm) (Table 4.3-5). Arsenic was not detected above CRLs in
any other aquatic blota for all RMA lakes.

4.3.3.5 Statistical Review of Bigtic Cantamigant Data

In their 1984 study of aquatic biota contamination at RMA, Rosenlund st al.
(1986) used analysis of variance (ANOVA) to test for statistical
significance of differences among lakes as well as temporsl and szpecies-

specific differences within lakes.

The Rosenlund gt al. snalyses in 1984 of aldrin, dieldrin. and mercury in
squstic macrophytes (plants) showed no statistically signtficant (p ¢ 0.05)
differences among lakes. However. some specles-specific significant
differences within lakas were reported. In Lower Derby Lake, differences in
dieldrin concentrations were highly significant (p ¢ 0.001) between leafy
and American pondweed, with mean values of 0.078 ppa and 0.044 ppm,

s
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respectively. Differences between these two macrophytes in Lower Derby Lake
were also significant (p ¢ 0.01) for aldrin, with concentrations in leafy

and American pondweed of 0.009 ppm and 0.003 ppm, respectively.

For macrophytes in Lake Ladora, Rosenlund gf al. (1986) reported that
dieldrin concentrations were significantly different (p ¢ 0.05) among four
species, with means (in ppm) as follows: leafy pondweed (0.108) > American
pondweed (0.036) > coontail (0.017) > water-milfoil (0.010). The same trend
was evident in Lake Mary., where differences in dieldrin among macrophytes
approached significance (p ¢ 0.10). Mean values (in ppm) in Lake Mary were
as follows: leafy pondweed (0.26) > American pondweed (0.055) > coontail
(0.027) > water-milfoll (0.010).

For plankton (including both phytoplankton and zooplankton), Rosenlund
et al.- (1986) reported significantly higher concentrations of aldrin and
dieldrin in Lower Derby Lake than the other lakes. Monthly variations

within lakes approached significance for mercury but not for the pesticides.

For samples of fish tissue., Rosenlund ef al. (1986) reported that aldrin in
pike and bass fillets was significantly higher for Lower Derby Lake than
either lakes Ladora or Mary. Higher values of aldrin in Lower Derby
approsched significance for bass viscera and black bullhead fillets.
Dieldrin was significancly higher in both bass fillets and viscera from
Lover Derby than from the other lakes. Differences in mercury
concentrations among the three lakes were highly signiiicant (p ¢ 0.001) for

bass fillets, with lLadors » Lower Derby > Mary.

Statistical analyses were also performed on aquatic tissue data collected by
Shell/MKE in 1986 and 1988 (see Appendix B, Section 3.0). Two different
statistical approaches were employed. Fifteen complete tests, each holding
experiment -wise error rats constant at 0.05 and i{ncluding a prlocd
orthogonal contrasts, constitute the “primary” design. As a result., 30
pair-wise comparisons of groups composed our orthogonal a pricgl corntrnsrg.
based upon the nonparametric results. For every complete test,an anaiogous

parametric test was also ran for comparative purposes. “Secondary tests”
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(t-~tests and one-way ANOVAs) that diu not confrrm to this rationale, and

were performed by MKE to search for differences among analagous data sets

Results of primary tests revealed nine significant contrasts as well as

in

in

in

in

in

in

in

whole tissues in largemouth bass

Between bluegill and bass (with data pooled for Lakes Derby and

McKay) for whole tissues (n 1988 for mercury.

Approaching Signiflcant Contrasts (Primacy.Iests)

10.

11.

12.

Between remsing and fillets for Lake McKay i{n 1988 for mercury in

bluegllls.

Among lakes (Derby vs ladora vs Mary) for whole tissues in 1986

for largemouth bass for mercury.

Between bass and bluegill (with data pooled from lakes Derby.

Ladora, and McKay) for whole tissues in 1986 for dieldrin.
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The socondary tests revealed 10 contrasts which at lesst approached
significant (based upon nonparametric results). Half of these (5) confirmed
the primary tests and were, in fact, mathematically equivalent to them.

Five potential ares of effect were not discovered in the primary tests
bacause they could not be addressed within the framework of a constant

experiment-wise error crate held at 0.05. They appear hereafter.

Significanst Contrasts (Sscondary Tssra)

1.  Betwesn bass and bluegill for whole body in 1986 for dieldrin.

2. Batween hass and blueglll (where bass are resconstructed samples)
for whole body Ln Lake Derby for 1988 for mercury.

3. Between or bass and bluegill whole body in Lake D:rby for 1988 for
dieldrin.

4. Between bass and blueglll for whole body in Lake Ladora for 1986
for dleldrtin.

5. Between fillets and remains for bass from Lake McKay in 1988 for

mercury .

Statistical comparisons between an onpost lake (Llower Derby) and an offpost
control lake (McKay) were made using data from 1988 (samples collected on
successive days). These statistical analyses revealed significantly higher
concentractions of dleldrin, aldrin, and DDE onpost than offpost for bass.
but not for bluegill. None of these pesticides wers detected in any of the
offpost samples, whereas they were widespread in the onpost samples. These
comparisons (l.s., with no detected values in tha offpost data sst) were
mede using a nonparameiric ANOVA by ranks. Parametric tests were not
performed because ot zero variance associated with the offpost data set
(1.¢., all values below certified reporting limits). Mercury, which was
detected in both onpost and offpost samples from 1988, wag signiflicantly
higher onpost in bass remains, fillets, and whole bodiea. The mecrcury
concentrations 'n bluegill whole bodies were higher in Lower Derby Lake than

in Lake McKay, with a difference which approached statistical significance.

Tissue concentrations in some cases are related to the sizes of the fish

sampled. Weights of individual bass and bluegill analyzed in 1986 and 1988,

°
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and their corresponding dieldrin and mercury concentrations, are shown in
Table 4.3-6.

MFE calculated condition factor (K) based on fish length and weight data to

compare McKay Lake with the RMA lakes for two size classes of these two

species. For small bluegills, the mean condition factor at McKay Lake was

significantly lower than the values at any of the RMA lakes. For large
bluagills, the mean condition factor at McKay was identical to that in Laka
Ladora, and significantly lower than the values in Lake Mary and Lower Derby
Lake. The mean condition factor for small largemouth bass was not

significantly different among the lakes. For large largemouth bass. the

mean condition factor was significantly lower in Lake Mary than in the other
lakes.
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Table 4.3-6. WNongtatistical Compartsons of Mercury and Dieldrin Concentrations
for Individual Bass and Bluegill Whole Bodies in Relation to Welght

OL

o e

~

Weight Mercury Dieldrin
Species Lake (g) (ppm) (ppm)
Sass (1986) Lower Derby 37.30 <0.05 0.112
37.46 0.063 <0.031
37.60 <0.05 0.088
Bass (1988) Lower Derby 483.33 0.183 0.668
1,835.10 0.312 0.286
1.959.88 0.394 0.481
2,153.24 0.275 0.396
2,251.62 0.306 0.644
Bluegill (1986) Lower Derby 31.58 <0.05 0.161
37.66 ¢<0.05 0.143
40.84 <0.05 0.142
Bluegill (1988) Lower Derby 53.30 0.091 0.056
64.27 0.063 0.129
78. 44 <0.05 0.098
89.35 0.074 ¢0.031
90.16 <0.05 0.074
Bass (1986) Ladora 63.66 0.235 0.032
67.67 0.084 <0.031
88.08 0.228 0.034
Bluegill (1986) Ladora 36.37 0.124 0.083
81.72 0.069 0.064
87.37 0.059 0.153
Bass (1986) Mary 93.96 0.072 <0.031
96.35 0.101 <0.031
218.28 <0.05 0.115
Bluegill (1986) Mary 76.70 <0.0S 0.158
76.92 <0.05 0.100
98.81 0.062 0.094
100.47 0.092 ¢0.031
100.81 <0.05 0.107
125.10 0.137 0.038
Bass (1988) McKay 248.79 0.122 <0.031
291.18 0.086 «0.031
304.19 0 U86 ¢<0.031
4137.85 0.092 <0.031
1,177.71 0.157 <0.031
Bluegill (1988) McXay 94.75 0.173 ¢0.031
101.90 0.178 ¢0.031
106.11 0.134 <0.031
106.91 0.088 «0.031
112.5%8 0.130 <0.031
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